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(57) [Abstract] 
[PROBLEM] 

To provide a substrate for a DNA chip, capable of providing a DNA chip with a 
high yield and allowing secure adhesion of DNA probes, a producing method therefor, 
and a producing method for a DNA chip utilizing such substrate. 
[MEANS FOR SOLVING THE PROBLEM] 

A substrate for a DNA chip, having an array of plural hydrophilic micro areas 
on a base plate having a surface which is hydrophobic and becomes hydrophilic by an 
action of light or heat. Also a producing method of a DNA chip for causing the 
aforementioned hydrophilic micro area to accept a DNA probe. In particular, a 
producing method of a DNA chip for causing a liquid droplet containing a DNA probe to 
be accepted by an ink jet method. 
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[Claims] 
[Claim 1] 

A substrate for a DNA chip characterized in including an array of plural 
hydrophilic micro areas on a base plate having a surface which is hydrophobic and 
becomes hydrophilic by an action of light or heat, thereby constituting cell areas for 
accepting DNA probes. 
[Claim 2] 

A substrate for a DNA chip according to claim 1, characterized in that the 
hydrophilic micro area has a contact angle to water which is 30^ or less and which is 
lower by at least 40° than a contact angle to water of a hydrophobic surface surrounding 
the hydrophilic micro area. 
[Claim 3] 

A substrate for a DNA chip according to claim 1 or 2, characterized in that the 
surface is constituted of at least a metal oxide selected from Ti02, RTiOs (R being an 
alkali earth metal atom), AB2-xCxD3.xExOio (A being a hydrogen atom or an alkali metal 
atom; B being an alkali earth metal atom or a lead atom; C being a rare earth atom; D 
being a metal atom of an element belonging to the group 5A of the periodic table; E being 
a metal atom of an element belonging to the group 4A of the periodic table; and x being 
an arbitrary number of 0 - 2), SnOi, ZrOi, BiiOa, ZnO and iron oxide represented by 
FeOy (y = 1 - 1.5). 
[Claun 4] 

A method for producing a substrate for a DNA chip characterized by applying 
an irradiation of an actinic light or heat to a hydrophobic surface of a base plate, thereby 
forming an array of plural hydrophilic micro areas of predetermined size and shape on 
the surface. 
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[Claim 5] 

A method for producing a substrate for a DNA chip according to claim 4, 
characterized in that the formation of the hydrophilic micro area is executed by any one 
of an irradiation of an actinic light through a photomask positioned between a light 
source and the substrate, a scanning exposure executed by an intermittent emission of a 
laser beam, a heat application by a scanning operation with a thermal head, and an 
irradiation of a photothermal converting radiation. 
[Claun 6] 

A method for producing a substrate for a DNA chip according to claim 4 or 5, 
characterized in treating a surface of the base plate with a hydrophobic organic 
compound and then applying a radiation of an actinic light or a heat thereby forming the 
hydrophilic micro area. 
[Claun 7] 

A method for producing a DNA chip characterized in employing a substrate for 
a DNA chip including an array of plural hydrophilic micro areas on a base plate having a 
surface which is hydrophobic and becomes hydrophilic by an action of light or heat, and 
causing the hydrophilic micro area to accept a DNA probe. 
[Claim 8] 

A method for producing a DNA chip according to claim 7, characterized in 
causing a liquid droplet containing a DNA probe to be accepted by an array of plural 
hydrophilic micro areas on a base substrate by an ink jet method. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a substrate for a DNA chip in which a plurality 
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of oligonucleotides are fixed in an array on a solid surface, a producing method therefor, 

and a DNA chip utilizing such substrate. 

[0002] 

[Prior Technology] 

For monitoring a mode of expression of genes, there is known a method utilizing 
a DNA chip. A DNA chip is a device bearing an oligonucleotide matrix by fixing a 
plurality of oligonucleotides (also called DNA probes) corresponding to various genes in 
an array on a solid surface, and usually bears several thousand or more than ten 
thousand DNA probes on a silicon chip of 1 cm^. In a gene testing method utilizing the 
DNA chip, a cDNA (complementary DNA) of a sample mRNA (messenger RNA) is 
synthesized by a PCR (poljntnerase chain reaction), then segmented and a fluorescent 
marker is attached to each segment to form a marked segment. Such marked segment 
is contacted with the DNA chip to cause a hybridization with an oligonucleotide fixed on 
the DNA chip. The marked segment is supported by an oligonucleotide with a 
complementary sequence, and the marked segment in excess is eliminated by a rinsing 
operation. Then amounts and positions of the supported marked segments are detected 
by a fluorescent microscope to identify the types of the corresponding oligonucleotides. 
This method, thus capable of analyzing the sequence of the DNA segment, is useful for 
gene-related researches and gene analyses, and it is already shown that a mutation in a 
cancer gene can be detected by this method. 
[0003] 

A production method of the DNA chip is generally classified into following three 
types. In a first method, plural linkers modified with ^ photochemically eliminable 
protective group are arrayed on a solid surface by a coupling across an amino group. 
Then, utilizing a photolithographic technology employed in a semiconductor 
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manufacture, an optical irradiation is conducted through a mask allowing to irradiate a 
fixed position of a desired linker, thereby eliminating the protective group. Then a 
monomer having a photochemically eliminable protective group is introduced and a first 
coupling reaction is executed. In this manner the oligonucleotide is extended only in 
such portion. A desired oligonucleotide matrix is formed by repeating the 
photolithographic step and the monomer introduction. 
[0004] 

In a second method, an oligonucleotide to be fixed is prepared in advance, then 
is dropped by a small amount on a solid surface such as a glass or a polymer Him, and is 
fixed in such position by a covalent bonding. For example, by introducing an 
isothiocyanate group on the solid surface, and by forming an amino group at an end of 
the oligonucleotide, it can be easily fixed by a covalent bond in a fixed position of 
isothiocyanate group. 
[0005] 

In a third method, an oligonucleotide to be fixed is prepared in advance, then is 
dropped by a small amount on a solid surface such as a glass or a polymer film, and is 
fixed in such position by adsorption. 
[0006] 

However, any of these DNA chip producing methods requires a long time for 
producing a DNA chip, and results in a high production cost. Among these methods, the 
third method is relatively inexpensive. However, the fixation of the oligonucleotide by 
adsorption in the dropped position is generally insecure, and the liquid droplet tends to 
show a spreading. Therefore, for example by a lateral diffusion or blotting at the 
transfer, there result a danger of a reproduction error such as a contamination of the 
PCR reaction liquid between adjacent cells on the DNA chip and a risk of a lowered 
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productivity. Consequently, there is desired a DNA chip producing method with a high 

precision in the DNA chip and a high yield. 

[0007] 

[Problems to be Solved by the Invention] 

The present invention has been made in consideration of the aforementioned 
drawbacks, and has an object to provide a substrate for a DNA chip capable of providing 
a DNA chip enabling a secure attachment of a DNA probe, a producing method therefor, 
and a producing method for a DNA chip utilizing such substrate. 
[0008] 

[Means for Solving the Problems] 

The present inventors, based on an understanding that, in the aforementioned 
third method of dropping the DNA probe by a small amount on the substrate, the prior 
technology is defective in not having a protection against a diffusion blotting of the 
dropped liquid droplet along the surface of the substrate, has made an intensive 
investigation for such protection and have reached the present invention. More 
specifically, the present invention is constituted as follows. 
[0009] 

1. A substrate for a DNA chip characterized in including an array of plural 
hydrophilic micro areas on a base plate having a surface which is hydrophobic and 
becomes hydrophilic by an action of light or heat, thereby constituting cell areas for 
accepting DNA probes. 

[0010] 

2. A substrate for a DNA chip described in 1, characterized in that the hydrophilic 
micro area has a contact angle to water which is 30® or less and which is lower by at least 
40® than a contact angle to water of a hydrophobic surface surrounding the hydrophilic 
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micro area. 
[0011] 

3. A substrate for a DNA chip described in 1 or 2, characterized in that the surface 
is constituted of at least a metal oxide selected from TiOi, RTiOs (R being an alkali earth 
metal atom), AB2.xCxD3.xExOio (A being a hydrogen atom or an alkali metal atom; B 
being an alkali earth metal atom or a lead atom; C being a rare earth atom; D being a 
metal atom of an element belonging to the group 5A of the periodic table; E being a 
metal atom of an element belonging to the group 4A of the periodic table; and x being an 
arbitrary number of 0 - 2), SnOi, ZrOzy Bi203, ZnO and iron oxide represented by FeOy 
(y = 1 - 1.5). 

[0012] 

4. A method for producing a substrate for a DNA chip characterized by applying 
an irradiation of an actinic light or heat to a hydrophobic surface of a base plate, thereby 
forming an array of plural hydrophilic micro areas of predetermined size and shape on 
the surface. 

[0013] 

5. A method for producing a substrate for a DNA chip described in claim 4, 
characterized in that the formation of the hydrophilic micro area is executed by any one 
of an irradiation of an actinic light through a photomask positioned between a light 
source and the substrate, a scanning exposure executed by an intermittent emission of a 
laser beam, a heat application by a scanning operation with a thermal head, and an 
irradiation of a photothermal converting radiation. 

[0014] 

6. A method for producing a substrate for a DNA chip described in claim 4 or 5, 
characterized in treating a surface of the base plate with a hydrophobic organic 
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compound and then applying a radiation of an actinic light or a heat thereby forming the 

hydrophilic micro area. 

[0015] 

7. A method for producing a DNA chip characterized in employing a substrate for 
a DNA chip including an array of plural hydrophOic micro areas on a base plate having a 
surface which is hydrophobic and becomes hydrophilic by an action of light or heat, and 
causing the hydrophilic micro area to accept a DNA probe. 

[00161 

8. A method for producing a DNA chip described in claim 7, characterized in 
causing a liquid droplet containing a DNA probe to be accepted by an array of plural 
hydrophilic micro areas on a base substrate by an ink jet method. 

[0017] 

The present invention is constituted, as described in 1 to 8, of inventions of a 
DNA chip substrate having the aforementioned functions, a producing method therefor, 
and a producing method for a DNA chip utilizing such substrate. In the following 
description, a micro area (micro section) to which a DNA probe is attached on a DNA 
chip will be called a cell, a hydrophilic micro area for forming a cell by accepting a DNA 
probe, on the substrate for producing a DNA chip, will be caUed a cell area, and a plate 
material constituting a support member for the substrate will be called a base plate. 
[0018] 

A first feature of the present invention is to prepare, on a DNA chip substrate, a 
micro section by a difference in polarity, by rendering in advance each micro area or 
each cell area for accepting a DNA probe more hydrophilic than a surrounding area. 
By accepting a liquid droplet of a DNA probe in each micro section on such micro 
sectioned substrate, the surrounding hydrophobic area repels the liquid droplet to 
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prevent a transfer error by a blotting Qateral diffusion) of the liquid droplet at the 
transfer operation, also increases a tolerance for the positional aberration of the liquid 
droplet at the deposition thereof, thereby improving accuracy and yield of the transfer. 
Therefore the DNA chip can be produced with a high yield and a high precision, whereby 
the object of the present invention can be attained. 
[0019] 

A second feature of the present invention is, for producing a DNA chip substrate 
provided with a micro section based on the aforementioned difference in polarity, to 
employ a base plate constituted of a photocatalytic metal oxide and/or a metal oxide 
showing a change in polarity by a heat application (also called heat responsiveness) or a 
base plate having such metal oxide at least on a surface. A photocatalytic metal oxide 
changes polarity, upon irradiated with an actinic light, from hydrophobic to hydrophilic. 
Therefore, an area of the substrate for forming a ceD of the DNA chip, or a cell area in 
the aforementioned definition can be easily rendered hydrophilic by an imagewise 
irradiation with the actinic light corresponding to the cell arrangement on the surface of 
the base plate. Also a heat responsive metal oxide changes polarity from hydrophobic 
to hydrophilic upon heated at least to a specified temperature (called a high-temperature 
hydrophilicity expressing temperature), so that a surface area of the base plate for 
constituting a cell area of the substrate can be changed to a hydrophilic area by a 
selective heating with a thermal head or a photothermal converting radiation. 
[0020] 

In a particularly preferable embodiment of the present invention, an adhesion 
of a liquid droplet to each cell area is achieved by an ink jet method. More specifically, 
in an ink jet printer, an ink is replaced by a liquid containing a DNA probe, and a liquid 
droplet containing the DNA probe is emitted to each cell area, thereby achieving a 
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prompt and easy attaching of the DNA probe and enabling production of a precise DNA 

chip without liquid blotting. 

[0021] 

In the present invention, a hydrophilicity of a cell area means a hydrophilicity of 
a level capable of accepting a liquid droplet of the DNA probe, and more specifically the 
hydrophilic area has a contact angle to water of 30^ or less. Also a hydrophobicity of 
the hydrophobic area surrounding the cell area means a hydrophobicity of a level 
capable of substantially avoiding a diffusion of the DNA probe of the hydrophilic area 
into the hydrophobic area, and, in case the contact angles to water of the cell area and 
the surrounding hydrophobic area have a difference of 40^ or larger, the base plate for 
the substrate of the invention usually need not be subjected to a hydrophobic treatment. 
[0022] 

However, in order to further improve the accuracy of transfer, an evident effect 
can be obtained by a method of intensifying the hydrophobicity of the surface of the base 
plate by contacting the base plate, prior to the formation of the cell area thereon, with a 
hydrophobic organic compound. Even when the hydrophobicity of the surface of the 
base plate is intensiHed in advance, a cell formation thereafter can be executed effectively 
so that the hydrophilicity of the cell area is substantially not influenced. The 
hydrophobic organic compound is preferably a gas or a liquid, and a gas is superior in 
achieving a sufficient contact. 
[0023] 

[Embodiments of the Invention] 

I. Preparation method of substrate 
(Metal oxide) 

The DNA chip substrate of the invention is produced, in order that a micro 
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section based on a difference of polarity can be provided for forming a cell area, from a 
base plate constituted of a photocatalytic metal oxide and/or a metal oxide showing a 
polarity change by a heat application (also caUed heat responsive metal oxide), or a base 
plate such as a glass, a metal plate or a plastic plate having such metal oxide on a surface. 
The photocatalytic metal oxide means a metal oxide showing a change in 
hydrophilic/hydrophobic polarity in response to a light irradiation, and a light inducing a 
polarity change is called an actinic light. Also a metal oxide showing a polarity change 
by a heat application, namely a heat responsive metal oxide, is relatively frequently 
found in photocatalytic metal oxides, but need not necessarily be photocatalytic. Such 
metal oxide is also found in ceramics or semiconductors. A substance showing a 
photocatalytic ability can be found in an intrinsic semiconductor in which a base level is 
close to a conductive band and a virtual semiconductor dependent on an impurity level 
such as vanadium oxide or copper oxide. 
[0024] 

The metal oxide having the photocatalytic ability for use in the invention can be 
found in metal oxides of various forms including a single metal oxide and a complex 
metal oxide, and in case of the latter, such property can be found in any of a solid 
solution, a mixed crystal, a polycrystal, an amorphous solid solution, and a mixture of 
metal oxide fine crystals. The metal oxide having such characteristics can be 
empirically found in oxides of metal elements belonging to 3rd - 6th cycles of the periodic 
table excluding groups 0 and VHA (halogen elements). Following photocatalytic metal 
oxides are also heat responsive, but certain iron oxides have heat responsiveness thought 
they are not photocatalytic. The preparation of the base plate can be executed in the 
same manner for both types except for the formation of the micro sections, so that both 
will be collectively explained. The aforementioned metal and metal oxide have a 
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solubility in water, in consideration of the usability of the DNA chip, is 10 mg or less in 

100 ml of water, preferably 5 mg or less and more preferably 1 mg or less. 

[0025] 

Among the metal oxides having the photocatalytic property, there are preferred 
titanium oxide and zinc oxide which will be explained at first* These materials can both 
be utilized as the base plate for preparing the DNA chip substrate of the invention. In 
particular, titanium oxide is preferable in sensitivity (namely sensitivity of an optical 
change of surface properties) etc. Titanium oxide can be produced by any known 
method such as a sulfuric acid calcining of ilmenite or titanium slag or a thermal 
chlorination followed by an oxidation with oxygen. 
[0026] 

For forming a layer containing titanium oxide or zinc oxide on the surface of the 
base plate, there may be employed any known method such as (1) a method of coating a 
dispersion of titanium oxide flne crystals or zinc oxide flne crystals on the base plate, (2) 
a method of calcining after coating thereby reducing or eliminating a binder, (3) a 
method of forming a titanium oxide (or zinc oxide) layer on the base plate for example by 
evaporation, sputtering, ion plating or CVD, or (4) a method of coating an organic 
titanium compound such as titanium butoxide on the base plate and applying an 
oxidative calcining to form a titanium oxide layer. In the invention, a titanium oxide 
layer by vacuum evaporation or sputtering is particularly preferable. 
[0027] 

The aforementioned method of coating titanium oxide fine crystals in (1) or (2) 
includes, more specifically, a method of coating a dispersion of amorphous titanium oxide 
fine crystals and calcining to form a crystalline titanium oxide layer of anatase or lutile 
type, a method of coating a mixed dispersion of titanium oxide and silicon oxide thereby 
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forming a surface layer, a method of coating a mixture of titanium oxide and 
organosiloxane or the like to obtain a titanium oxide layer coupled with the substrate 
through a siloxane bond, and a method of coating an oxide layer in which an oxide is 
dispersed in a polymer binder compatible with the oxide and then executing a calcination 
to eliminate the organic component. As a binder for the oxide particles, there can be 
employed a polymer that has a dispersibility to the titanium oxide fine particles and that 
is eliminable by calcining at a relatively low temperature. The binder is preferably a 
hydrophobic binder for example polyalkylene such as polyethylene, polybutadiene, a 
polyacrylate ester, a polymethacrylate ester, polyvinyl acetate, polyvinyl formate, 
polyethylene terephthalate, polyethylene naphthalate, polyvinyl alcohol, partially 
saponified polyvinyl alcohol, or polystyrene, and such resins may be employed as a 
mixture. 
[0028] 

The vacuum evaporation of titanium oxide by the aforementioned method (3) 
can be executed, for example, by placing a metallic titanium on an evaporation heat 
source in a vacuum evaporation apparatus and evaporating the metallic titanium under 
a total gas pressure of 10'^ Pa with an oxygen partial pressure of 30 - 95 %, whereby a 
thin evaporated film of titanium oxide is formed on an evaporated surface. Also in case 
of sputtering, a titanium metal target is set in a sputtering apparatus, then a gas pressure 
is regulated at 5 x 10'^ Pa so as to obtain an Ar/Oi ratio of 60/40 (molar ratio), and a 
sputtering is executed by applying an RF power of 200 W thereby forming a titanium 
oxide fllm on the base plate. 
[0029] 

On the other hand, in case of employing a zinc oxide layer in the invention, such 
zinc oxide layer may be prepared by any known method. Particularly there is preferred 
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a method of anodizing a surface of a zinc metal plate to form an oxide film, or a method 
of forming a zinc oxide film by vacuum evaporation, sputtering, ion plating or CVD. 
An evaporated film of zinc oxide can be obtained, as in the aforementioned evaporation 
of titanium oxide, by a method of evaporating metallic zinc in the presence of oxygen gas, 
or a method of forming a metallic zinc film in the absence of oxygen and then executing 
oxidation by elevating the temperature to about 700^C in the air. Also it can be 
obtained by heating a zinc oxalate coated layer or a thin zinc selenide layer in a oxidizing 
gas flow. 
[0030] 

Titanium oxide can be utilized in any crystalline form, but an anatase type is 
preferable because of a high sensitivity. It is known that an anatase type crystal can be 
obtained by selecting a calcining condition in a calcining process for obtaining titanium 
oxide. In such case, titanium oxide of amorphous state or lutile type may also be 
present, but the anatase type crystal is present by 40 % or higher, preferably 60 % or 
higher, because of the aforementioned reason. In a layer containing titanium oxide or 
zinc oxide as a principal component, a volumic ratio of titanium oxide or zinc oxide is 30 
to 100 %, preferably the oxide represents 50 % or more, and more preferably the oxide 
constitutes a continuous layer, namely represents substantially 100 %. However, as the 
hydrophilic/oleophilic property change on the surface is not so much influenced by a 
purity, unlike the case of employing zinc oxide in an electrophotographic photosensitive 
layer, it is unnecessary to further purify a substance having a purity close to 100 % (for 
example 98 %). This will be understood from a fact that the physical property utilized 
in the invention is a hydrophilic/oleophilic property change on the surface, namely a 
change of an interfacial physical property, which is not related with an 
electroconductivity. 
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[0031] 

However, a doping with a certain metal may be effective for promoting a 
property of changing a surface hydrophilicity by an action of light, and a doping with a 
metal of a smaUer ionization tendency is suitable for this purpose and Pt, Pd or Au is 
preferred for doping. Also such preferred metals may be doped in plural kinds. In 
case of employing a doping, an amount thereof is 5 mol. % or less with respect to a metal 
component in zinc oxide or titanium oxide. 
[0032] 

In the following there will be explained a titanate metal salt represented by a 
general formula RTiOs, which is another compound employable in the invention. In the 
general formula RTiOs, R represents a metal atom belonging to the alkali earth elements 
of the periodic table such as magnesium, calcium, strontium, barium or beryllium, 
among which strontium and barium are preferred. Also two or more alkali earth metal 
atoms may be present together as long as their sum stoichiometrically matches the 
aforementioned formula. 
[0033] 

In the following there will be explained a compound represented by 
AB2.xCxD3.xExOio. In this general formula, A is a monovalent atom selected from a 
hydrogen atom and alkali metal atoms such as sodium, potassium, rubidium, cesium and 
lithium, and two or more atoms may be present together as long as their sum 
stoichiometrically matches the aforementioned formula. B is an alkali earth metal atom 
as defined above for R or a lead atom, and two or more atoms may be present together as 
long as their sum stoichiometrically matches the aforementioned formula. C is a rare 
earth atom, preferably scandium, yttrium or an atom belonging to lanthanoid elements 
such as lanthanum, cerium, praseodymium, neodymium, holmium, europium. 
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gadolinium, terbium, thulium, ytterbium or lutetium, and two or more atoms may be 
present together as long as their sum stoichiometrically matches the aforementioned 
formula. D is at least an element selected from the group 5A of the periodic table, such 
as vanadium, niobium, or tantalum. Also two or more metal atoms of the group 5A may 
be present together as long as a stoichiometric relation is satisOed. E is a metal atom 
belonging to the group 4A such as titanium, zirconium or hafnium, and two or more 
metal atoms of the group 4A may be present together, x represents an arbitrary 
number of 0 - 2. 
[0034] 

For forming a thin film of RTiOs, an aforementioned compound represented by 
the general formula AB2.xCxD3.xExOio» SnOi, ZrOz, BiiOa, or iron oxide represented by 
FeOy (y = 1 - 1.5), there can be employed methods mentioned above for forming a layer 
of titanium oxide or zinc oxide. More specifically, there can be employed any known 
method such as (1) a method of coating a dispersion of fine particles of the photocatalj^ic 
or heat responsive metal oxide mentioned above on the base plate, (2) a method of 
calcining after coating thereby reducing or eliminating a binder, (3) a method of forming 
an aforementioned oxide by various vacuum film forming methods, (4) a method of 
coating an organic compound such as an alcoholate of a metal element on the base plate, 
then executing a hydrolysis and an oxidative calcining to form a metal film of an 
appropriate thickness, or (5) a method of spraying, under heating, an aqueous solution of 
a hydrochlorate salt or a nitrate salt containing the aforementioned metal. 
[0035] 

For example for coating barium titanate fine crystals by the method (1) or (2), 
there may be employed a method of coating a mixed dispersion of barium titanate and 
silicon thereby forming a surface layer, or a method of coating a mixture of barium 
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titanate and organosiloxane or a monomer thereof. Also as explained for titanium oxide, 
it is possible to coat an oxide layer in which an oxide is dispersed in a poljmer binder 
compatible with the oxide and then executing a calcination to obtain an oxide layer. 
Examples of the polymer preferred as the binder for the oxide particles are same as those 
explained for titanium oxide. This method allows to form a thin film, not only of 
barium titanate, but also of magnesium titanate, calcium titanate, strontium titanate or 
an intermolecular compound or a mixture thereof. 
[0036] 

It is similarly possible to coat fine particles of CsLa2NbTi20io by the coating 
method (1) or (2). The CsLa2NbTi20io fine particles can be obtained by finely crushing 
CS2CO3, La203, NbOa and Ti02 in a corresponding stoichiometric ratio in a mortar, then 
calcining the mixture in a platinum crucible for 5 hours at 130°C, then cooling and 
crushing the mixture in a mortar to fine particles of several micrometers or less. The 
CsLa2NbTi20io particles are dispersed in a binder as in the aforementioned case of 
barium titanate and coated to obtain a thin film. This method is applicable not only to 
particles of CsLa2NbTi20io type but also to the aforementioned AB2.xCxD3.xExOio (0 ^ x ^ 
2) such as HCai.5Lao^Nb2^Tio.sOio or HLa2NbTi20io. 
[0037] 

For forming a photocatalytic or heat responsive metal oxide layer by the 
aforementioned (3) vacuum film forming method, there is generally employed a 
sputtering or a vacuum film formation. In the sputtering method, a single or complex 
oxide target is prepared in advance. For example, a crystalline film of barium titanate 
can be obtained by utilizing a barium titanate target, maintaining the base plate for 
evaporation at a temperature of 450^C or higher and executing an RF sputtering in an 
argon/oxygen mixed atmosphere. The crystallinity may be controlled by executing a post 



17 



annealing at 300 - 900^C, if necessary. This method is usable for thin film formation not 
only for the aforementioned RTiOa (R being an alkali earth metal element) but also in a 
similar principle to other photocataljrtic or heat responsive metal oxides, by regulating 
the substrate at a temperature optimum for controlling the crystallinity. For example, 
in case of forming a tin oxide film, a thin film of tin oxide crystal matching the invention 
can be obtained by an RF sputtering with a base plate temperature of 120°C in a mixed 
atmosphere of an argon/oxygen ratio of 50/50. 
[0038] 

The aforementioned method (4) utilizing metal alcoholate is also capable of 
forming a desired thin film without employing a binder. A barium titanate film can be 
formed by coating a mixed alcohol solution of barium ethoxide and titanium butoxide on 
a silicon substrate having SiOi on the surface, then hydrolyzing the surface and 
executing a heating to 200^C or higher. This method is also usable for forming a thin 
film of RTiOs (R being an alkali earth metal atom), AB2.xCxD3.xExOio (A, B, C, D and E 
respectively being defined above), Sn02, Zr02, BiiOa, or FeiOa. 
[0039] 

The aforementioned method (5) of forming a metal oxide film expressing a 
photocatalytic property is also capable of forming a thin film in a system not containing a 
binder. A Sn02 film can be formed by spraying a hydrochloric acid solution of SnCU onto 
a surface of a quartz or crystalline glass heated at 200^C or higher. Also this method is 
applicable for forming a thin film not only of Sn02 but also AB2.xCxD3.xExOio (A, B, C, 
D and E respectively being defined above), Bi203, or Fe203. 
[0040] 

A thickness of the metal oxide film is, in any of the aforementioned cases, 
desirably 0.1 * 10000 nm, and preferably 1 - 1000 nm. More preferably it is made 300 
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nm or less, in order to prevent a distortion in the optical interference. Also for 
sufficiently expressing a photocatalytic activating property, a thickness of 5 nm or larger 
is advantageous. 
[0041] 

In the aforementioned photocatalytic or heat responsive metal oxide layer 
utilizing a binder, the metal oxide represents a volumic ratio of 50 - 100 %, preferably 
90 % or more and more preferably forms a continuous layer of oxide, namely 
substantially 100 %. 
[0042] 

(Micro section formation by polarity difference) 

The DNA chip substrate of the invention is subjected to a micro section 
formation in such a manner that an area corresponding to each cell on the object DNA 
chip is adjusted to a hydrophilic property and such area constitutes a ceU area 
surrounded by a hydrophobic area. Fig. 1 is a schematic view showing an arrangement 
of the hydrophilic areas on the base plate surface. Referring to Fig. 1, a substrate 11 is 
formed by a base plate 12 constituting a support member and ceU areas 13 arranged on 
the surface thereof as hydrophilic micro areas. On the base plate 12, a cell 15 
represented by a circle and bearing an attached DNA probe and a cell area 13 
represented by a broken-lined circle on which a DNA probe is to be attached are shown 
and they are arranged on a hydrophobic area 14. Fig. 3 is merely a schematic 
illustration, and a shape of the cell area, a distribution density and an arrangement 
thereof are not limited to the example shown in Fig. 1. For forming micro sections on 
the base plate surface, there is employed a method of applying, to the base plate surface, 
an actinic light or a heat selectively to an area corresponding to each cell on the object 
DNA chip. 
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[0043] 

<Micro section formation by actinic light irradiation> 

A light source of the actinic light to be irradiated for forming a cell area on the 
base plate surface is a Ught source emitting a light of a wavelength within a 
photosensitive range of the photocatalytic metal compound, namely a light of a 
wavelength corresponding to a light absorbing region. For example, in case the 
photocatalytic metal compound is titanium oxide, it has a photosensitive range in an 
ultraviolet region of 387 nm or less in an anatase type and 413 nm or less in a lutile type. 
Therefore, the light source to be employed is a light source emitting a light of such 
wavelength range, and it is a light source principally emitting an ultraviolet light. An 
area subjected to the irradiation of the actinic light is rendered hydrophilic by a 
photocatal3^ic effect. Means for forming an imagewise distribution of the hydrophilic 
areas by the photocatalytic effect of the actinic light can be a planar exposure method or 
a scanning method. 
[0044] 

In the former method, namely in the planar exposure method, uniform light is 
employed but the base plate is irradiated through a photomask in such manner that only 
an area corresponding to each cell of the object DNA chip is irradiated by the actinic 
light, thereby rending the surface of the irradiated area hydrophilic. A light source 
suitable for the actinic light irradiation in the planar exposure method is a mercury lamp, 
a tungsten halogen lamp, another metal halide lamp, or a xenon discharge lamp. 
[0045] 

An irradiation amount for obtaining hydrophilicity is 0.1 - 1000 J/cm^, 
preferably 0.2 - 100 J/cm\ and more preferably 0.2 - 10 J/cm^ Also a reciprocity often 
stands in a photocatalytic reaction, so that a same result can often be obtained by an 
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exposure of 100 seconds at 10 mW/cm^, and by an exposure of 1 second at 1 W/cm^, and, 
in such case, a range of selection of the light source emitting the actinic light becomes 
widen 
[0046] 

In the latter method, namely in the scanning exposure, an optical system is so 
selected that a scanning converging light has such a beam diameter on the base plate as 
to provide an irradiated area of a size and a shape of an area corresponding to each cell 
of the object DNA chip. A scanning light source is preferably a laser light source 
emitting an actinic light, and can be a luiown laser emitting a beam of actinic light. For 
example, the laser light source can be a helium-cadmium laser having an oscillation 
wavelength at 325 nm, a water-cooled argon laser having an oscillation wavelength at 
351.1 - 363.8 nm, or a zinc sulfide/cadmium laser having an oscillation wavelength at 330 
- 340 nm. There can also be employed an ultraviolet laser, a gallium nitride type InGaN 
type potential well semiconductor laser having an oscillation wavelength at 360 - 440 nm 
with a confirmed near-ultraviolet laser oscillation, or a waveguide MgO-LiNbOa inverted 
domain wavelength conversion laser having an oscillation wavelength at 360 - 30 nm. 
The irradiation can be executed with a laser of an output of 0.1 - 300 W. A far 
ultraviolet solid state laser employed for image drawing may be utilized without an 
imagewise modulation. Also in case of employing a pulsed laser, the irradiation is 
preferably executed with a laser of a peak output of 1000 W, preferably 2000 W. In case 
the base plate is transparent, the exposure may be executed from the rear side of the base 
plate through the support member. 
[0047] 

<Micro section formation by heat application> 

For a compound having so-called high-temperature hydrophilicity and 
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becoming hydrophilic when heated to a temperature of 250^C or higher, including a 
photocatalytic compound such as titanium oxide, a heating to the aforementioned 
temperature may be employed instead of the actinic light irradiation. A micro section 
formation by heating can be achieved by a contact heating method and a method by a 
scanned heating with a photothermal converting radiation such as an infrared light. 
[0048] 

In the former, namely in a micro section forming method by a heat application 
by contact heating, the heating is so executed as to selectively heat an area of the base 
plate corresponding to each cell in the object DNA chip thereby converting polarity to 
hydrophilic and not to cause a heat conduction around such area, whereby a hydrophilic 
area surrounded by a hydrophobic area is formed. For heating of such local area, there 
is employed a thermal recording head of any known contact thermal recording 
apparatus, for example a thermal fusion type or a sublimation dye transfer method. 
There can be employed a method of two-dimensionally driving a single thermal 
recording element, a drawing method of scanning an linear array of thermal recording 
elements in a perpendicular direction, or a high-speed drawing method employing 
two-dimensionally arranged recording elements. 
[0049] 

In the latter, namely a scanned heating method with a radiation such as an 
infrared light, a photothermal converting member is provided on the base plate and 
absorbs and converts the irradiated radiation into heat. Any photothermal converting 
member that can be carried on the base plate may be employed, but a preferred 
photothermal converting member is fine silver particles or fine carbon particles such as 
carbon black. The silver particles can be carried on the base plate surface by treating 
the base plate with a dispersion formed by dispersing commercial coUoid silver powder 
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in an aqueous solution of a dispersant such as polyvinyl alcohol or gelatin, or by 
executing successively or simultaneously an immersion process of the base plate in an 
aqueous solution of silver nitrate and an immersion process into an aqueous solution of a 
reducing agent such as a neutral or alkaline aqueous solution of ascorbic acid or a 
FeMlng's solution. A preferred size of the silver particles is 0.1 - 10000 nm, preferably 5 
- 1000 nm and more preferably 20 - 200 nm. Among the carbon particles, there is 
preferred so-called carbon black, which is formed by an association of fine particles of a 
size of about 1-10 nm, often 2-5 nm in a grape-like form thereby showing an extremely 
high light absorbing ability. Such carbon black in any form therefore has a very high 
photothermal converting efficiency and can provide the base plate with a photothermal 
converting property without deteriorating the characteristics as the DNA chip substrate. 
[0050] 

A hydrophilization by a radiation is to replace the heat application in the 
aforementioned hydrophilization by heat application by a combination of a photothermal 
converting member and an irradiation with a radiation, and is same in the 
hydrophilization by a thermal action. A preferred light source for the radiation is an 
infrared lamp, a halogen-tungsten lamp, an infrared-emitting solid state laser, an 
infrared-emitting semiconductor laser or a photothermal converting apparatus emitting 
a flash light by a discharge of a large-capacity capacitor. Also depending on the type of 
the photothermal converting member, the radiation is not limited to an infrared light but 
can also be a visible light of a wavelength range effectively absorbed by the photothermal 
converting member, such as of a xenon discharge lamp or a visible light-emitting 
semiconductor laser. 
[0051] 

A particularly preferred heat source is a solid state laser emitting an infrared 
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light, a semiconductor laser emitting a light of infrared and visible region, an infrared 
lamp, a xenon discharge lamp, or an intermittent flash apparatus by a discharge of a 
large-capacity capacitor, and the light from such light source irradiates an area of the 
base plate to be rendered hydrophilic as a converging light by a directing apparatus. 
[0052] 

In the method of micro section formation by a scanning radiation, there is 
particularly preferred a method of employing an infrared laser source and scanning, 
with a laser beam, each area of the base plate corresponding to each cell of the object 
chip. Examples of the preferred laser source include a semiconductor laser, a gas laser, 
a helium-cadmium laser and a YAG laser having large proportions of near infrared and 
infrared components. The irradiation can be executed with a laser of an output of 0.1 - 
300 W. Also in case of employing a pulsed laser, the irradiation is preferably executed 
with a laser of a peak output of 1000 W, preferably 2000 W. 
[0053] 

In this manner, the base plate is given a patterned structure of polarity change, 
constituted of hydrophilic micro areas so arranged as to form the cells of the DNA chip 
and a surrounding hydrophobic area, thereby completing a substrate for a DNA chip of 
the invention. 
[0054] 

n. Preparation of DNA chip 

A DNA chip is prepared utilizing the DNA chip substrate prepared in the 
aforementioned method. Referring to Fig. 1, a DNA chip is formed by accepting a DNA 
probe in a cell area provided in the substrate 11 to form a cell, and the DNA probe can be 
accepted in the cell area by any method capable of attaching the probe in the ceU area, 
such as a method of pouring the probe by a micropipette or a syringe needle into the cell 
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area or a method of discharging a liquid droplet of the probe by an ink jet method. 
Among these there is particularly preferred an ink jet method employing a 
probe-containing liquid instead of an ink. In the following, an ink jet method will be 
principally explained with reference to Figs. 2 and 3. Fig. 2 is a schematic view showing 
a process of accepting a DNA probe by the substrate 11. Fig. 2 illustrates a process of 
accepting a DNA probe in succession from left to right. A left-end part of Fig. 2 shows a 
base plate surface having a hydrophilic cell area 13 and a hydrophobic surrounding area 

14. Then, a portion at right indicates a state where a liquid droplet 16 of the DNA 
probe is discharged on the cell area 13, and a portion at further right indicates that the 
liquid droplet vanishes to spread the DNA probe over the cell area to form a liquid film, 
as indicated by broken lines 16' and 15'. At further right, it is shown that the DNA 
probe liquid film is accepted over the entire cell area to constitute a cell 15. In the cell 

15, at a boundary between the liquid film and the hydrophobic peripheral area 14, the 
liquid spreading is suppressed by the hydrophobic barrier, whereby a liquid blotting or a 
mixing with an adjacent cell is prevented and a highly precise DNA chip can be prepared. 
In this operation, even if the discharge position of the liquid droplet 16 shows a certain 
displacement within the cell area, the liquid film spreading from the liquid droplet 
remains within the cell area because of a firm hydrophobic barrier of the peripheral area 
14. 

[0055] 

Fig. 3 shows an embodiment of a DNA probe attaching apparatus of an ink jet 
method which discharges a liquid droplet toward the ceU area, but the present invention 
is not limited to such embodiment. Fig. 3 shows a DNA chip producing apparatus which 
discharges a DNA chip onto the substrate thereby forming a cell, and which is provided 
with an ink jet liquid droplet discharge head capable of discharging a liquid droplet 16 of 
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a DNA chip onto a cell area 13 on the substrate 11, drive means 4 capable of varying a 
relative position of the ink jet liquid droplet discharge head 2 and the substrate 11, and 
control means 3 which controls a discharge of the liquid droplet 16 of the DNA probe 
from the ink jet liquid droplet discharge head 2 and a drive by the drive means 4 
according to a control signal Sh. The control means 3 control the relative position of the 
ink jet liquid droplet discharge head 2 and the substrate 11 in such a manner that the 
liquid droplet 16 of a specified DNA probe is discharged to a ceU area to which the 
specifled DNA probe is to be attached, thereby forming a cell, and then causes, according 
to the control signal Sh, the ink jet liquid droplet discharge head 2 to discharge the liquid 
droplet 16 of the DNA probe onto the specified cell area 13. The cell area 13 accepts the 
liquid droplet and becomes a cell 15. 
[0056] 

The ink jet liquid droplet discharge head 2 is connected through a pipe 23 to a 
DNA probe reservoir 22 which contains the DNA probe 10 so as to be capable of 
supplying the DNA probe 10. The DNA probe 10 is changed in type according to a 
destination ceU area based on a design of the DNA chip. Also for executing the DNA 
probe attaching process efficiently, the DNA probe reservoir and the ink jet liquid 
droplet discharge head may be provided in plural sets. 
[0057] 

For a liquid droplet discharging method in the ink jet liquid droplet discharge 
head there can be selected a known ink jet method such as a configuration of 
sandwiching a piezoelectric element such as a PZT element between an upper electrode 
and a lower electrode for causing a volumic change in the volume of the DNA probe 
liquid thereby discharging a liquid droplet, a head configuration of applying a heat by a 
heat generating member to the DNA probe to discharge a liquid droplet by an expansion 
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caused by such heat, or a head conflguration causing a gasification by a heat generating 
member or by a spark under a voltage application and discharging a liquid droplet by a 
resulting pressure. 
[0058] 

The drive mechanism 4 is provided with a motor Ml, a motor M2 and an 
uniUustrated mechanism, and is rendered displaceable, together with the ink jet liquid 
droplet discharge head 2, in an X-axis direction Gateral direction in Fig. 3) and in a 
Y-axis direction (direction of depth in Fig. 3). The motor Ml is capable of displacing 
the ink jet liquid droplet discharge head 2 in the X-axis direction in response to a drive 
signal Sx. The motor M2 is capable of displacing the ink jet liquid droplet discharge 
head 2 in the Y-axis direction in response to a drive signal Sy. 
[0059] 

The drive mechanism 4 is only required to change the position of the ink jet 
liquid droplet discharge head 2 relative to the substrate 11. Therefore, there may be 
adopted, in addition to the aforementioned configuration, a configuration in which the 
substrate 11 moves relative to the ink jet liquid droplet discharge head 2, or a 
configuration in which the ink jet liquid droplet discharge head 2 and the substrate 11 
move together. 

mm 

The foregoing description merely shows a specific preferred embodiment for the 
purpose of explaining the invention. Therefore the invention is not limited to the 
foregoing embodiment but includes various modifications and variations within an extent 
not exceeding the essence of the invention. 
[0061] 

III. Intensifying process of hydrophobicity of non-cell area of base plate 
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In the above-described producing method for the DNA chip of the invention, an 
exact DNA probe attaching is achieved by suppressing a difhision blotting of the liquid 
droplet of the DNA probe by a hydrophilicity of each cell area of the substrate and a 
hydrophobicity around such area. By intensifying a hydrophobicity of a portion 
surrounding each cell area of the DNA chip substrate in a stage of the base plate and 
preparing the substrate by forming a cell area on such base plate, the liquid blotting or a 
staining by the liquid can be further suppressed to enable a securer preparation of the 
DNA chip. A hydrophobicity intensifying treatment is conducted, prior to the micro 
section formation on the base plate surface, by contacting a hydrophobic substance with 
the base plate surface. When the hydrophobicity intensifying treatment is conducted, 
most hydrophobic organic substances change to carbon dioxide gas and water when 
subjected to an irradiation of the actinic light or a heat application, whereby the 
surfacial hydrophobic layer disappears, so that the treatment does not affect the 
hydrophilicity of the cell area formed after the hydrophobicity intensifying treatment 
and can selectively render the non-cell area only hydrophobic. 
[0062] 

In the following, there will be explained a hydrophobicity intensifying treatment 
for the non-cell area of the base plate. The hydrophobicity intensification can be 
achieved by any known method such as a coating, a spraying, a gaflsying and condensing, 
a gas contacting, or a dipping of a hydrophobic substance (also called a hydrophobic 
agent). However a gas contact method is preferred because of its simplicity. The gas 
contact method can be executed, for example, by introducing a gaseous organic 
compound into an air thermostat tank, or by introducing a volatile organic compound 
and heating the interior of the tank. 
[0063] 
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<Method of hydrophobicity inteiisification> 

a. A coating treatment is a hydrophobic layer providing method applicable to a 
liquid or solid hydrophobic agent. It may be coated directly in case it is liquid, or 
coated in a liquid dissolved or dispersed in a suitable solvent in case it is solid or also in 
case it is liquid if desired. 
[0064] 

The coating treatment can be executed by a known method for example a 
coating development method such as a gravure coating, a reverse coating, a hopper 
coating or a slit coating. Also there is preferred a sheet treatment in which a medium 
carrying a hydrophobic agent is used to form a coated film on the base plate. For such 
method, there can be utilized a method described in Japanese Patent No. 2655337. As a 
medium for carrying the hydrophobic agent, there can be employed a felt, a textile or a 
metal having slits or pores. Among these, there is preferably employed a liquid coating 
method with a sponge or the like as described in JP-A Nos. 8-290088, 8-290087 and 
9-138493. 
[0065] 

In the coating treatment, a preferred coating amount is only required to achieve 
at least a higher hydrophobicity in the peripheral area of the ceU, and, though dependent 
on a concentration etc. of the hydrophobic agent, is generally 10 - 100 ml/m^ preferably 
15 - 50 m^/m^ 
[0066] 

b. Spraying treatment 

A spraying treatment executes a hydrophobic treatment by spraying, onto the 
base plate surface, a hydrophobic agent or a hydrophobic agent solution prepared as a 
liquid or a dispersion liquid as in the coating treatment. It is also possible to employ a 
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sprayed liquid amount in excess of a necessary supply liquid amount and to recycle and 
reuse the excessive hydrophobic agent or hydrophobic agent solution overflowing from 
the applied surface. A spraying method of the hydrophobic agent or hydrophobic agent 
solution is not restricted in a method or a number of a shape of a nozzle, and the 
spraying may be executed by moving a single movable nozzle or with plural fixed nozzles. 
Also the spraying may be executed by fixing the base plate or the object DNA chip while 
moving the nozzle, or by fixing the nozzle and moving the base plate or the object DNA 
chip. Among these, there is particularly preferred a method of spraying a hydrophobic 
agent or a hydrophobic agent solution by a hydrophobic agent coating apparatus having, 
as described in JP-A Nos. 8-123001, 9-160208 and 9-179272, a nozzle in which plural 
nozzle apertures for discharging the hydrophobic agent or the hydrophobic agent 
solution are arranged in a linear array with a predetermined pitch in a direction crossing 
a conve3ing direction of the base plate, and an actuator for displacing such nozzle 
relative to a base plate in a conveying path. For the hydrophobicity intensification by 
the ink jet method applicable in the invention, there can be employed not only an 
electrostatic discharge type but also a known Inkjet printer. 
[0067] 

c. Gasification-condensation method 

A gas contact method is to heat a sublimable solid hydrophobic agent, a volatile 
hydrophobic agent, or an easily evaporable hydrophobic agent solution thereby forming 
a gas in contact with a surface of the base plate or the base DNA chip thereby condensing 
a film of the hydrophobic agent. An organic compound effective for this method has a 
boiling point of 30 - 200''C and is stable within a temperature range of 30 - lOO^C, and a 
particularly preferable boiling point range is 50 - lOO^C. 
[0068] 
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d. Gas contact method 

In case the hydrophobic agent is a gas, particularly an aforementioned 
fluorine-containing organic compound, a high hydrophobicity intensiflcation can be 
achieved by placing a printing base plate in an atmosphere containing such gas. 
[0069] 

e. Dipping method 

A method of dipping a printing base plate in a dipping tank can also be 
employed. 
[0070] 

<Hydrophobic agent> 

In the invention, "hydrophobicity" means a contact angle to water on the base 
plate of 40^ or larger, preferably 60"" or larger, and higher by 40^ or larger than a contact 
angle to water of the cell area. A compound meeting such requirements of the 
hydrophobic agent can be found in low-molecular organic compounds and organic 
silicon compounds. 
[0071] 

1) Low-molecular organic compound 

A low-molecular organic compound employable as the hydrophobic agent in the 
invention is a low-molecular organic compound having an organicAnorganic ratio of 0.7 
or higher in the organic property chart, and a low-molecular compound means a 
compound having a boiling point or a melting point, and such compound generally has a 
molecular weight of 2000 or less, often 1000 or less. 
[0072] 

A low-molecular organic compound having an organic/inorganic ratio of 0.7 or 
higher in the organic property chart can be found in an aromatic hydrocarbon, an 
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aliphatic and aromatic carboxylic acid, an aliphatic and aromatic alcohol, an aliphatic 
and aromatic ester, an aliphatic and aromatic ether, an organic amine, an organic silicon 
compound, and various solvents and plasticizers known to be added in printing inks. 
[0073] 

A preferred aliphatic hydrocarbon includes 8-30 carbon atoms, more 
preferably 8-20 carbon atoms, and a preferred aromatic hydrocarbon includes 6-40 
carbon atoms, more preferably 6-20 carbon atoms* A preferred aliphatic alcohol 
includes 4-30 carbon atoms, more preferably 6-18 carbon atoms, and a preferred 
aromatic alcohol includes 6-30 carbon atoms, more preferably 6-18 carbon atoms. A 
preferred aliphatic carboxylic acid includes 4-24 carbon atoms, more preferably an 
aliphatic monocarboxylic acid with 6-20 carbon atoms or an aliphatic polycarboxylic 
acid with 4-12 carbon atoms, and a preferred aromatic carboxylic acid includes 6-30 
carbon atoms, more preferably 6-18 carbon atoms. A preferred aliphatic ester 
includes 2-30 carbon atoms, more preferably 2-18 carbon atoms, and a preferred 
aromatic ester includes 8-30 carbon atoms, more preferably 8-18 carbon atoms. A 
preferred aliphatic ether includes 8-36 carbon atoms, more preferably 8-18 carbon 
atoms, and a preferred aromatic ether includes 7-30 carbon atoms, more preferably 7 - 
18 carbon atoms. In addition there can also be used an aliphatic or aromatic amide 
with 7-30 carbon atoms, more preferably 7-18 carbon atoms. 
[0074] 

Specific examples include an aliphatic hydrocarbon such as 
2,2,4-trimethylpentane (isooctane), n-nonane, n-decane, n-hexadecane, octadecane, 
eicosane, methylheptan^^ 2,2-dimethylhexane or 2-methyloctane; an aromatic 
hydrocarbon such as benzene, toluene, xylene, cumene, naphthalene, anthracene or 
styrene; a monohydric alcohol such as dodecyl alcohol, octyl alcohol, n-octadecyl alcohol. 
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2«octanol or lauryl alcohol; a polyhydric alcohol such as hexyleneglycol or dipropylene 
glycol; an aromatic alcohol such as benzyl alcohol, 4-hydroxytoluene, phenethyl alcohol, 
1-naphthol, 2-naphthol, cathecol or phenol; an aliphatic monovalent carboxyli acid such 
as butyric acid, caproic acid, acrylic acid, crotonic acid, capric acid, stearic acid or oleic 
acid; an aromatic carboxylic acid such as benzoic acid, 2-methylbenzoic acid or 
4-methylbenzoic acid; an aliphatic ester such as ethyl acetate, isobutyl acetate, n-butyl 
acetate, methyl propionate, ethyl propionate, methyl butyrate, methyl acrylate, dimethyl 
oxalate, dimethyl succinate, or methyl crotonate; an aromatic carboxylic acid ester such 
as methyl benzoate or methyl 2-methylbenzoate; an organic amine such as imidazole, 
2,2-dimethylimidazole, 4-methylimidazole, indazole, benzimidazole, cyclohexylamine, 
hexamethylenetetramine, trimethylenetetramine, octylamine, or phenethylamine; a 
ketone such as methyl ethyl ketone, methyl isobutyl ketone or benzophenone; an ether 
such as methoxybenzene, ethoxybenzene, methoxytoluene, lauryl methyl ether or stearyl 
methyl ether; and an amide such as stearyl amide, benzoyl amide or acetamide. In 
addition there can also be employed an organic solvent having a boiling point within the 
aforementioned preferred range, such as ethylene glycol monoethyl ether, cyclohexanone, 
butyl cellosolve or cellosolve acetate. 
[0075] 

Examples also include an oil or a fat used as a component of a printing ink, such 
as linseed oil, soybean oil, poppy seed oil or sufflower oil; and a plasticizer such as 
tributyl phosphate, tricresyl phosphate, dibutyl phthalate, butyl laurate, dioctyl 
phthalate or parafBn wax. 
[0076] 

Also an ester of a long-chain fatty acid and a long-chain monohydric alcohol, 
namely a wax, has hydrophobicity and a suitably low melting point, and is a preferable 
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low-molecular organic compound which is fused, in the vicinity of a photothermal 
converting fine particle, by a heat generated by a light irradiation thereby rendering its 
area hydrophobic. A preferred wax is fused at 50 - lOO^C^ and there can be employed 
any of waxes called carnauba wax, caster wax, microcrystalline wax, paraffin wax, 
shellac wax, palm wax or bee wax depending on the raw material. In addition to the 
wax, there can also be employed a dispersion of fine particles for example a solid acid 
such as oleic acid, stearic acid or palmitic acid; or a metal salt of a long-chain fatty acid 
such as silver behenate, calcium stearate, or magnesium palmitate. 
[0077] 

Among the low-molecular organic compounds, a perfluoro compound is 
advantageous in efTectively realizing hydrophobic state. Examples of the preferred 
perfluoro compound include an aliphatic perfluorocarboxylic acid such as 
perfluoroacetic acid, perfluorobutyric acid, perfluorovaleric acid, perfluorocaproic acid, 
perfluoroheptonic acid, perfluorocapronic acid, or perfluorocaprylic acid; a 
perfluorohydrocarbon such as perfluorohexane, perfluorooctane, 
perfluorotripropylamine, perfluorotributylamine, perfluorohexyl ether, or 
perfluorododecane; and an aliphatic perfluoroalcohol such as perfluorobutanol, 
perfluoropentanol, perfluorohexanol, perfluorooctanol or perfluorododecyl alcohol. 
[0078] 

2) Organic silicon compound 

A preferred organic silicon compound is a hydrophobic agent which efiFectively 
renders hydrophobic a surface of a layer containing a hydrophilic/hydrophobic material 
in a printing base plate. An organic silicon compound used for this purpose can be an 
organopoIysUoxane, an organosilane and a fluorine-containing silicon compound. 

a. Organopolysiloxane 
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An organopolysiloxane is a compound represented for example by 
dimethylsilicone oil, or methylphenylsilicone oil, and an organopolysiloxane with a 
polymerization degree of 12 or less is particularly preferable. In such preferred 
organopolysiloxane, 1-2 organic groups are bonded per a siloxane bond, and such 
organic group is an alkyl group or an alkoxy group with 1-18 carbon atoms, an alkenyl 
group or an alkinyl group with 2-18 carbon atoms, an aryl group with 6-18 carbon 
atoms, an aralkyl group with 7-18 carbon atoms, or an alicyclic group with 5-20 
carbon atoms. Also such organic substituent may be further substituted with a halogen 
atom, a carboxyl group or a hydroxyl group. Also the aforementioned aryl, aralkyl, or 
alicyclic group may be further substituted with a lower alkyl group such as a methyl 
group, an ethyl group or a propyl group within the aforementioned range of the carbon 
atoms. 
[0079] 

Specific examples of the organic silicon compound preferred in the present 
invention are shown in the following, but the present invention is not limited to such 
examples. A preferred polyorganosiloxane includes at letast one of (1) a dialkylsiloxane 
group having an alkyl group with 1-5 carbon atoms, (2) a dialkoxysiloxane group 
having an alkoxy group with 1-5 carbon atoms, (3) an alkoxyphenylsiloxane group 
having an alkoxy group with 1-5 carbon atoms and a phenyl group, and (4) an 
ethoxymethoxysiloxane group or a methoxyethoxysiloxane group, as a repeating unit and 
has a polymerization degree of 2 - 12, more preferably 2 - 10. Also its terminal group is 
an alkyl group with 1-5 carbon atoms, an amino group, a hydroxyl group, a 
hydroxyalkyl group with 1-5 carbon atoms or an alkoxy group with 1-5 carbon atoms. 
A more preferred terminal group is a methyl group, an ethyl group, an isopropyl group, 
an n-propyl group, an n-butyl group, a t-butyl group, a methoxy group or an ethoxy 
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group. Among these, a particularly preferred siloxane compound is 
dimethylpolysiloxane with a polymerization degree of 2 - 10, a 
dimethylsiloxane-methylphenylsiloxane copolymer with a polymerization degree of 2 - 10, 
a dimethylsiloxane-diphenylsiloxane copolymer with a polymerization degree of 2 - 8, or 
a dimethylsiloxane-monomethylsiloxane copolymer with a polymerization degree of 2 - 8, 
and such polysUoxane compounds having a terminal trimethylsilane group. Other 
examples include l,3-bis(3-aminopropyl)tetramethyldisiloxane, 
l,5-bis(3-aminopropyl)hexamethyltrisiloxane, 
l,3-dibutyl-l,l,3,3-tetramethyldisiloxane, 
l,5-dibutyl-l,l,3,3,5,5-hexaethyltrisiloxane, 
l,13939S95-hexaethyl-l,5-dichlorotrisUoxane, 

3-(3,3,3-trifluoropropyl)-l,l,3,3,5,5,5-heptamethyltrisiIoxane and 

decamethyltetrasiloxane. 

[0080] 

A particularly preferred common compound is so-called silicone oil, such as 
dimethyl silicone oil (in commercial product for example Silicone KF96 (manufactured 
by Shin-etsu Chemical Co.)), methylphenyl silicone oil (in commercial product for 
example Silicone KF50 (manufactured by Shin-etsu Chemical Co*)), or methylhydrogen 
silicone oil (in commercial product for example Silicone KF99 (manufactured by 
Shin-etsu Chemical Co.)). 
[0081] 

b. Organosilane 

An organosilane compound employable as the hydrophobic agent can be, for 
example, n-decyltrunethoxysilane, n-decyltri-t-butoxysilane, n-octadecyltrimethoxysilane, 
n-octadecyltriethoxysilane or dimethoxydiethoxysilane. 

36 



[0082] 

c. Fluorine-containing organic silicon compound 

A silane, a silanol or a siloxane having a fluorine-containing organic group as a 
substituent can also be employed as a hydrophobic agent. A preferred 
fluorine-containing organic silicon compound can be a silane, a silanol or a siloxane 
having, as an organic substituent, a polyfluoroalkyl group (a 3,33-trifluoropropyI group, 
a trifluoromethyl group, a trifluorobutyl group, a trifluoroethyl group, a trifluoropentyl 
group or a 3,3,4,4,5,5,6,6,6-nonafluorohexyl group), a trifluoroacyloxy group 
(trifluoroacetoxy group, or a 2,2,2-trifluoroethoxy group), a trifluoroacyl group (a 
trifluoroacetyl group), or a trifluoroalkylsulfon group (trifluoromethanesulfon group or 
a S^yS-trifluoropropylsulfon group)* 
[0083] 

Specific examples include: 
methyl-3,33-trifluoropropyldichlorosilane, 
trimethylsilyltrifiuoromethanesulfonate, 
trifluoroacetoxymethylsilane, 
3,3,4,4,5,5,6,6,6-nonafluorohexytltrichlorosilane, 
dimethoxymethyl-3393-trifluoropropylsiIane, 
3,3,3-trifluoropropylsilane-trimethoxysiIane, 
3394,4,5,5,6,6,6-nonafluorohexytlmethyldichIorosiIane, 
3-trifluoroacetoxytrimethoxysilane, 

l,3,5-tris(33r5-trifluoropropyl)-l,3,5-trimethylcyclotrisiloxane, 
l,3,5,7-tetrakis(3,3,3-trifluoropropyl)-l,3,5,7-tetramethylcyclotetrasiloxane, 
l,13^>5,-penta(3,33-trifluoropropyl)-l,3,5-trimethyltrisiloxane, 
l,ly3,5,7,7-hexa(3,3,3-trifluoropropyI)-l,3,5,7-tetramethyltetrasiloxane, 
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methyl-3^93-trifluoropropoylsilanedioly 

3^,4,4^^,6,6y6-nonafluorohexyIsilanetriol, 

3y3»4,4^^,6,6,6-nonafluorohexylinethylsilanediol, 

pentafluoroethoxysilanetriol, 

trifluoromethylsilanetriol, and 

3^y3-trifluoropropylethoxysilanetrioL 

[0084] 

Preferred compounds are: 
methyl-3^^-trifluoropropyldichlorosilane, 
3^»4,4^^,6,6,6-nonafluorohexytltrichIorosilane, 
3^3-trifluoropropylsilane-trimethoxysilane, 
3^,4,4,5,5,6,6,6-nonafluorohexytImethyldichlorosiIane, 
l^^-tris(3^3-trinuoropropyl)-l^^-trimethyIcyclotrisiloxane, 
methyl-3y3^-trifluoropropoylsilanediol, 
3^,4,4,5^,6,6,6-nonafluorohexylsilanetriol, 
3^,4,4,5^,6,6y6-nonafluorohexylmethylsiIanediol, 
pentafluoroethoxysilanetrioly 
trifluoromethylsilanetriol, and 

3^3-trifluoropropylethoxysiIanetrioL These organic silicon compounds are 
commercially available for example from Shin-etsu Chemical Co. Also such available 
chlorosilane may be hydrolyzed to obtain a silanol, or hydrolyzed and condensed to 
obtain a polyorganosiloxane. 
[0085] 

The hydrophobic agent may be a low-molecular organic compound only, an 
organic silicon compound only, or a mixture thereof, or may contain a third component 
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for improving an affinity of the two. 
[0086] 

The hydrophobic agent may be mixed or dispersed in an organic solvent such as 
ethylene glycol monoethyl ether, cyclohexanone, methyl cellosolve, butyl cellosolve, 
cellosolve acetate, 1,4-dioxane, dimethylformamide or acrylonitrUe for forming a solution 
or a dispersion. 
[0087] 
[Examples] 

In the following, embodiments of the present invention will be further clarified 
by examples, but the present invention is not limited by such examples. 
[Example 1] 

A quartz glass base plate was placed in a vacuum evaporation apparatus, and a 
titanium metal piece was electrically heated under a condition of a total pressure of 2.0 x 
10'^ Pa with an oxygen partial pressure of 70% to evaporate a titanium oxide film on the 
glass base plate. The TiOa film had a crystal component, analyzed by an X-ray 
diffractometry to have an amorphous/anatase/lutile ratio of 1.5/6.5/2 and a thickness of 
200 nm (2000 Angstroms). The base plate surface had a contact angle to water, 
measured with a contact angle meter CA-D (manufactured by Kyowa Interface Science 
Co.) by a droplet-in-air method, within a range of 48 - 55*^ in any portion. 
[0088] 

Then a photomask, having a transmission pattern of a size and an arrangement 
same as those of the cells of a DNA chip to be prepared, was contacted with the base plate 
bearing the aforementioned titanium evaporated film, and, utilizing a USIO printing 
light source Unirex URM600, Model GH60201X (manufactured by Ushio Corp.), the 
base plate surface was irradiated with the actinic light for 10 seconds through the 
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photomask, with a light intensity of 50 mW/cm^ at the base plate surface, thereby 
preparing a DNA chip substrate* The cell area, namely the irradiated area, on the base 
plate surface had a contact angle to water, measured with a contact angle meter CA-D 
(manufactured by Kyowa Interface Science Co.) by a droplet-in-air method, within a 
range of 7 - 9^ in any cell area. 
[0089] 

This substrate was used in the apparatus explained in Fig. 3, and a DNA probe 
10 was stored in the DNA probe reservoir 22, guided through the pipe 23 to the ink jet 
liquid droplet discharge head 2 and discharged as a droplet 16 onto the cell area 13 on 
the base plate 11 according to the control signal from the control circuit 3, thereby 
forming a cell. According to the designing of the DNA chip, the kind of the DNA probe 
was changed by the destination cell area and the above-explained DNA probe attaching 
operation was repeated. The DNA probe did not overflow from the cell area, so that an 
exact DNA chip with exceUent precision could be prepared with prompt and simple 
operations. 
[0090] 
[Example 2] 

A quartz glass base plate was set in a vacuum evaporation apparatus, and zinc 
was evaporated with a thickness of 100 nm (1000 Angstoms) under a condition of a total 
pressure of 0.01 Pa. It was then oxidized for 2 hours at dOO^'C in the air to form a zinc 
oxide film on a surface of the glass plate. Then a DNA chip substrate was prepared in 
the same manner as in Example 1 except for utilizing the base plate with the zinc oxide 
film. The base plate surface had a contact angle to water, measured with a contact 
angle meter CA-D (manufactured by Kyowa Interface Science Co.) by a droplet-in-air 
method, within a range of 7 - 9"* in the irradiated area, and 52 - 55° in the non-irradiated 
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area. 
[0091] 

This substrate was used in the ink jet method as in Example 1 whereby a DNA 
chip with excellent precision could be prepared with prompt and simple operations. 
[0092] 
[Example 3] 

A commercial polyimide film of a thickness of 200 p, (Capton, manufactured by 
Toray-DuPont Ltd.) was immersed in a 20% ethanol solution containing cesium ethoxide, 
titanium butoxide, lanthanum isobutoxide and niobium ethoxide corresponding to a 
stoichiometric ratio of CsLa2NbTi20io to hydrolyze the surface, and then heated to 280^C 
to form a CsLa2NbTi20io film of a thickness of 100 nm (1000 Angstrom) on a surface of 
the polyimide film substrate. Then a DNA chip substrate was prepared in the same 
manner as in Example 1 except for utilizing the flexible base plate with the 
CsLa2NbTi20io film. The base plate surface had a contact angle to water, measured 
with a contact angle meter CA-D (manufactured by Kyowa Interface Science Co.) by a 
droplet-in-air method, within a range of 7 - 9^ in the irradiated area, and 52 - 55^ in the 
non-irradiated area. 
[0093] 

This substrate was used in the ink jet method as in Example 1 whereby a DNA 
chip with excellent precision could be prepared with prompt and simple operations. 
[0094] 
[Example 4] 

In Example 1, the irradiation with the actinic light was conducted, instead of the 
planar exposure method with Unirex IJRM600, by a scanning exposure with a 
helium-cadmium laser. The helium-cadmium laser employed for the exposure had an 
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oscillation wavelength of 325 nm, and the irradiation was so conducted that the 
irradiating spot matches a size and an arrangement of the cells of the object DNA chip by 
controlling a beam radius, an oscillation interval and a scanning speed on the irradiated 
surface. 
[0095] 

The irradiating conditions by the laser beam were as follows: 

laser output: 200 mW 

beam radius: 50.0 ^m 

scan speed: 1.7 m/sec 

output: 700 mj/cm^ 

emission interval: 7 ^sec. 

The base plate surface had a contact angle to water, measured with a contact 
angle meter CA-D (manufactured by Kyowa Interface Science Co.) by a droplet-in-air 
method, within a range of 7 - 9® in the irradiated area, and 52 - 55^ in the non-irradiated 
area. 
[0096] 

This substrate was used in the mk jet method as in Example 1 whereby a DNA 
chip with excellent precision could be prepared with prompt and simple operations* 
[0097] 
[Example 5] 

A base plate with a flexible fllm prepared in Example 3 was subjected in a 
thermal fusion transfer apparatus to a local heating in such a manner that heated spots 
to be reproduced have a size and an arrangement corresponding to those of the cells of 
the DNA chip to be prepared. More speciflcally, a work station (thermal printer) 
converted the repetition of hydrophilic area (heated portion) and hydrophobic area 
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(non-heated portion) to be reproduced on the flexible fihn into an electrical image signal 
and drove the thermal head thereby executing spot-shaped contact heating on the base 
plate surface, corresponding the shape and the size of the object chip. The thermal 
printer had an array of thermal heads of 500 x 500 ^m constituted of a Ta-SiOi heat 
generating member with a thiaron anti-abrasion protective layer thereon, arranged with 
an interval of 250 ^m^ in which the thermal head had a heating ability reaching 450°C by 
an energization for 20 msec, and a scanning speed was set at 40 msec/m. The base plate 
surface had a contact angle to water, measured with a contact angle meter CA-D 
(manufactured by Kyowa Interface Science Co.) by a droplet-in-air method, within a 
range of 7 - 9^ in the irradiated area, and 52 - 55^ in the non-irradiated area. 
[0098] 

This substrate was used in the ink jet method as in Example 1 whereby a DNA 
chip with excellent precision could be prepared with prompt and simple operations. 
[0099] 
[Example 6] 

On a quartz glass plate, a titanium oxide film of a thickness of 200 nm (2000 
Angstrom) was evaporated by a method described in Example 1. A flat plate containing 
perfluoroacetic acid was placed in an air thermostat tank, and the temperature was 
maintained at 90*^C to saturate the air in the thermostat with the vapor of perfluoroacetic 
acid. Then the glass plate bearing the aforementioned titanium oxide film was set and 
placed therein for 10 minutes, and taken out for use as a DNA chip substrate. The base 
plate had a contact angle to water, measured with a contact angle meter CA-D 
(manufactured by Kyowa Interface Science Co.) by a droplet-in-air method, within a 
range of 88 - 93^. Then a DNA chip substrate was prepared in the same manner as in 
Example 1 except for utilizing this base plate. The base plate surface had a contact 



43 



angle to water within a range of 7 - 9** in the irradiated area, and 88 - 93° in the 

non-irradiated area. 

[0100] 

This substrate was used in the ink jet method as in Example 1 whereby a DNA 
chip with excellent precision could be prepared with prompt and simple operations. 
[0101] 

[Example 7] 

A base plate prepared by forming a titanium oxide film of a thickness of 200 nm 
(2000 Angstrom) on a quartz glass plate by the method of Example 1 was immersed for 5 
seconds in a IN aqueous solution of silver nitrate, then taken out and immediately 
immersed in a Fehling's solution for 10 seconds. The base plate was taken out, and 
immersions in the sUver nitrate solution and the Fehling's solution were repeated. The 
Fehling's solution was prepared immediately before use by mixing a 69.2 g/L aqueous 
solution of copper sulfate pentahydrate, and a mixed aqueous solution of potassium 
sodium tartarate at 346 g/L and sodium hydroxide at 100 g/L in equivalent amounts. The 
substrate surface became black, showing deposition of silver particles. The glass plate 
with the titanium oxide film bearing the silver particles was used as a base plate for 
preparing a DNA chip substrate. The base plate had a contact angle to water, measured 
with a contact angle meter CA-D (manufactured by Kyowa Interface Science Co.) by a 
droplet-in-air method, within a range of 48 - 53"". Then a DNA chip substrate was 
prepared in the same manner as in Example 1 except for utilizing this base plate. The 
base plate surface had a contact angle to water within a range of 7 - 9° in the irradiated 
area, and 48 - 53° in the non-irradiated area. 
[0102] 

This substrate was used in the ink jet method as in Example 1 whereby a DNA 
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chip with excellent precision could be prepared with prompt and simple operations. 
[0103] 

[Effect of the Invention] 

As explained in the foregoing, by employing a base plate for a DNA chip 
provided with a hydrophilic cell area on a base plate by an irradiation of an actinic light 
or by a heat application, in attaching a DNA probe to the cell area, the probe liquid does 
not overflow from the cell area nor causes a mixing, whereby a DNA chip of a high 
precision can be produced with a high yield. Also by applying a hydrophobicity 
intensifying treatment in advance to the base plate at the preparation of the substrate, 
the precision of reproduction can be further improved. 
[Brief Description of the Drawings] 

[Fig. 1] A schematic view showing a DNA chip substrate in which cells and cell areas 
are arranged. 

[Fig. 2] A schematic view showing process of attaching a DNA probe to a DNA chip 
substrate of the invention by an Inkjet method. 

[Fig. 3] A view showing a configuration of a DNA chip producing apparatus of the 
invention of an ink jet method. 
[Description of Symbols] 

2 ink jet liquid droplet discharge head 

3 control means 
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10 DNA probe 

11 DNA chip substrate 

12 base plate 

13 cell area 
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^»:7A?feif0 4 AlS7c^{ca-rSt&JRi^^-C^f9. 

fc. 2ffiJ[^_bc0 4 A^^(7)^MSi^2)5^ffUT>bJ:V^o X 

0 2 <Di£M(o^m^m'ro 

[0 0 3 4] RTi03. — jK^AB2-xCxD3-xExO 

^oXm^tl^±m^t^^s Sn02, Zr02, Bi 
2O3, FeOy (y=l~l. 5) X^^tl^mit^t 

i.xm^ti:m^(7:>^mmmt'r^:^m. <s>±.m^m^^ 

[0 0 3 5] m^\^. ±IE<D. ©0^^*-jfeJ-J:oT^ 
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{t:^^3te^o^^>f i^y- 1 Lr»^ Lv^j^y 

10 0 3 61 p]^tcLT-hfS®. ®(^^i3::^ffit-<toT 
C s L aaNb T itO\^WSL^^mWcr^:Lti^'^mX- 
h^o C s L a2NbT i20io^fijt^fi. ^(D{\:,^mWi 
iiCMJt't^ Cs2C03.La203. Nb05.Ti02^ 
fL^T-«Sfca#bT. e^6o{^^c:Ai^. 13 0° C T*5 

>i^T<^^^T-(-*&#i-6o :ic^C s L a2NbT i20 

to^a^^iiriacof^i$'>'e^^<y 57A<bi^«i(c>^<^>y- 

C s L a2NbT i20ioMI»«t^{c:ISe>'f. HCai.5 
Lao.5Nb2.5Tio.5 0io, HLa2NbTi2 0io?tC 
<i:*tifiili<^)AB2-xCxD3-xExOio. (0^x^2) {Z 

[0 0 3 71 ±m(2><DM^mmwmm^m^-f:iytmm^ 

;^ hr^— y >'^^3 0 O'-Q 0 0* c-effx.f^i:v\ 
^^^-^icfii^^iagi 2 0" c. r>'i-:=^'vy'@^^it5 0 

/5 0O^'g^#ia^'^T*RF:?i>''^:yi5^ y >^^tf 5 w<i: 
[0 0 3 81 _bfa®co^mr/u^ 1^— 

:^mxh^o 'f-^:^^y<v ^M^(Dmm^m^'r^\a'i:^< 
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W 

T/U;?7 y ±IS&JBJim^) . AB2-xCxD3-xExO 
10 (A. B, C, D, E\^^th^timm(D'^^(D\H^^ 
mir) . Sn02. Zr02. S i O2. Bi202:&U^F 
e 2 03 oSIK^gfigjcSffi-rs :ztfi>X^^o 

[0 0 3 91 JtlE(5)tCj:oT*i^ffii4^^^-rS^MK 

o»JKo?gj*;05^te-efe5o s n 02 5 

(CfiSnC l40*ag?7K^ij£^2 0 0' CW±(c:^JDS^b 

Sw^ir^o^-etSo *:^**>. s n02»j^o(57i\ fltr^g 

L^hRTiOa (Rfir/U> y ±S^JRiS^) . AB2-x 
CxD3-xExOio (A, B. C, D, E f^-^tt^*tl.Strl2 

<D'^m(op^^^^'t) . B i203^o^F 6 2 03 coi^-rn 
hmm-r^ :itt^x^ So 

[0 0 4 01 &JS®{t:ife»lS(oj|[^{i. ±m<Di^irti<D 

^^t> 0. 1 --1 0 0 0 0 nm^5 J; < . L< 1 

1 0 0 0 nmX-fcSo ^ l-iff ^ b < 3 0 0 n mJ^T 

tvx^=Fm(om^^^<:(Diit^x\^\ ^ti. 3t«jKStt 
[ 0 0 4 1 1 ^<>r i.tim^(o±m^mmi± 

5 0 1 0 0 %T-fc «9 > $f ^ b < 9 0 

aiKJgo^ t) 1 0 0%r-fcS<^:65J;v\ 

[00 4 21 m^<r>mimz J: 5 ^ ^ n ISlj^l:) :*:^0>^ 

P>/ceoTV^So 2±t;iH. OSlT'^bfcDNA:/ 

n'-y;5M:ii9f+«tb^c^'fe/H 5 DN A:/n — 

LTV>So ll3fi:^^W«-^bfcfcCOT% '^/l^^<Dm 

[0 0 4 31 <m^ytmM\zx^^i^^Kmit>wMm 

^—ifm^^^S 8 7 nml^T. yU5^yuM3d^4 1 3 nm^T 

50 (^)^^g|5^c:^3t«^^^U-Cv^-5o \^ti:d'^oxmm^ti^ 
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10 0 4 41 mm. ^fit>hmu%')5^(om^\t. 

[0 04 5] MTKttt t-^fcJ?>ORSW)tS«. 0.1- 
1000J/cm2, if ^ L<{:±0.2 — lOOJ/cm 
2. J;«9»^U<{10. 2-1 0 j/cm2r'^5o * 

m OmW/cm^-Cl 0 Oe?OS3t^tTort. IW 

/cm2-ci&^cos^^tTo-ct>> m\:^^))^tmhi\.^ 

[0 0 4 61 ■r>^^^::>-^^^^^3fe«7)^{C(i. jfe 

-r^-^y ^j>^^v^ ^j^u—^-. ^s&s^3 5 1. 

1—3 6 3. 8 nmd^i-^TK^^T.'l-^^VU— if— , 3 
3 0-44 0 nmtC^-rSfifE^kiEI'nV;^; if 

^ff^^^l/-if-'^^;55^S^^tLrv^^^SiSS^ 

3 6 0 — 4 4 0 nmdWi-^Mfb^^/y ^ J^lk^ I nGa 
N^S^?fF¥^»ft:u-if-. mj^^m^^^ZQO-- 

4 3 0 n mdWr ^^StKSSM gO-LiNb03 

>r u-lf — ^fiSffli-^ :i i: 'bT*^ 

5o i^—'^—mtit^O. 1 — 3 0 OWtTDU— if— -eR^*t 

if-^M^^PL/c^^.^t^^T-^v^Tt> ^ti. y<^i- 
if— t'— i5^ti3;^j;65i 0 0 0 

[0 0 4 71 <m<D^McJ;:^^^u^mit>mt'^^ 
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tc ^ ;5 ^ tf e) S o 

[0 0 4 81 mm. -rt^^t^^mmmm^^^xm^cDmu 

^n-:>X^^^Kmit^no:^^X^'i. mWDNA^^y 

tixmyKmcm^'^it^tt. 75^oB^M^(7>jiia(-iie^ 
:dm.^^miicmm'^nt>ti^<Dx. m^i^^mmmi^nfz 

10 0 4 9 1 -r^^^^^*^;^^.^ <if COfitt^OjfeS 

20 ^m^^i^^m^^xhx\^^:^K ttf^L^^^^m^mm^. 

^«SSr^(i. mm.(r>=iu^ Ktfc^!|§&*^4^ y Ifri/UT/U 

mxmm^^mrr^ifmcx-:>x. mmmm^iiz 
^^^ztii'^x^^\^^\ i^.mcMi.xm^^ykmm^ 

t ^mi^X^ti\^W\mcnfj: o^t (c J;oTfci^«-b{c 

30 <0^^^\^^ 0. 1 — 1 0 0 0 0 nm;65J:<. $?^b< 
{is — lOOOnm. J: D Sf * b < 2 0 — 2 0 0 n m 

>f Xj65 1'-'1 0 nm, 2 — 5 n mmS^^I^S^:^^ . 

m&mmc^^ \^x^^um^mm{cmi^rcmm^ t o 

[0 0 5 01 1iSt^M«(-<tsa7kft;fi. -hlS(OSi^*D 
if— , :*c^fi=i VT^Vif— ?^^bcoSScmi-<toT>^^ 

So ^/c. ±m^^i^(^mm\zx^x\^. m^mcm'^ 
50 ^mt^ u-if- 1 ffl V ^ ^ n So 
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(00 5 11 ^ Lv^SRiiJi. ^^iS^&tt-rsS 

[0 0 5 21 IIfti^(DjfeStc J: 5 ^ n |KiiifL:^^(7)« 

4^^«s:u— , I?'— . -^y^^A:757K^i7Au 

— tB;'^7)5o. 1^3 0 owcou— if— -cHBft^-t"5r 

— 0 0 OW. ff*L<(i 2 0 0 OWCOU— if 

[0 0 5 31 f)^<\.X. J!l«±{rDNA5^:y>^co#ir/U 

< iS7K^4^i§!c^-ib/.e >^^it^5f;t-^$ti. 

[0 0 5 41 II. DNA^5/:/60f^§!i 
±l5L^*fer-f^®i^i^^DNA^5/:7'^S«^ffiv^r 

DNA^:y^^f^S!i$ixSo H 1 {c4oV^r. 1 1 {C 

iSftbtLfcir/U®^tCDNA>^c2— yTiS^^^HTiry^ 
^?f^^L. DNA^5':7';65i±i*fe;55 5<?5r-feS;5^ -fe/u- 
®^{;iDNA>^n-y^^^$-ii:S;^r£Jl. :/n7->^^ 

5o IiI2H. £«1 1 ICDNA>^C2— 
n-fe;^^^^Wtc::^i-i5iP^ll-Cfc5o la2^cioV^X. D 
N A :/ a — ^ tt 5 :/ CI ir >^ P>;&--Jil»:^ 

S^i^mJSS bT D N a:/ n — y o TSSM 

ySio $^(C^C0*Ji. -fe>'^®«^®(CDNA:7'n'-:/tS 

■feyn 5^c:*5v^r^R^<h^S7K^±<?:>jl^3a^^el 4 

NA^>;/>^755f^®i^ttSo r(7)<i:#. 6;^>5!iaj* 
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[0 0 5 51 li!3tt. fKjg^ir/umiSl-F^ttrqttii-t-S 

^)t>0-eti*V\ mz\t. DNA^5'::^^Sffi_bJcqtm 

oX. DNA^yTT't^^flgiSi 6$rS«i 1 Jico-feyu^ig 

1 3(CBi:m^tBl-«^Six;/^>r^'i5^i^:':y h^T^iSJitti 
^yV2t^ ^:y^^J:^yV^Wm^Wi^'yV2tmm, 

^i^^^y:r,yV^mm^ti^^yY2t^h<DT>'i<iAzf 

^\^XUm^m.^VX. «F^DNA:?^n-:/^f:it)f+ttS 
-^tir/^MSEt-^jeDNAT'n-:?"^^®! 6 ;5SiitjtJ $ tt 
X±^^tf^^^O\:^^>^i^:^y Vimm^\!!^^y K2 

/u^^i 3{c>r:/i^ v^^5/ h^ffijSthttJ-^i' K2;i>^b»J 
^{t-§-ShjctSorDNA:/n->^?KSl 6 ^retiii^ii: 

[0 0 5 61 -r:xi7v?^2/ h^?S?gtbai--.:y K2lC(i. 
DNAr^n— ^1 0 365AtLibtLfcDNA>^a— :/lT®^f 

2 2;5^^<-r:/2 3^^bTDNA>^D— y 1 0 pj 
H^tCgEM^ixTl/^So DNAT'ct— :/l 0 <?: LTf^. D 
N A 5^ :y :/(Z)^ff ict^^ o r fttffi5fe<7)ir tCfS r a 

[0 0 5 71 -o^^^z^y h^^m^±^^^y v<omw^ 
asmi^^y J: xJTumMx^/^Jt^mm ^^lxdnat^o 

^^w^m^x.^xmm^^m^^^^o^^^y vm^<o 

40 [0 0 5 8] i2a««4li. ^Ml. ^-^M2*5 
^TRI@w±m--:y K2 i:^t>l-. XW;^[rJ (HI 3 <Z?SI;^ 

(c«fiKSttSo ^-^M2Jii21)!)ft-^SyiciS:i:T>f 

[00 5 91 mmmmA.Kt^^ 1 1 t-M-rs-r v 
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1 0 0 6 1 1 111. m«o*-fe/uM«oi^7K<4®{l:^S 

o T D N A :/ n --y co^SfficOfetmtC C^;65ffl]it $ iE 
N A^ 5/ 19 # < gP5)-<^r»7Kit 

Jh$JxT-g?SII?fcDNA^s/:7'cof^S8:d5tT^5tLSo m 

7k\±mt^m^^wMmm<D ^^^2 ^mmmc^ctL-^xm 
yi^^mm^wMmm\zmm^^xnf:>ti^o m^k^^^it 
^m:^^n^j:t>tixh. ^^^<omMJi\t.m(Dmn^ 0 n 

\.xu^<onimMtmm'^^<Dx^ nim^\\i%M(o 

[0 0 6 2] i^Ti-s mm,<Dm7i^^^it^m<D^-ir/um 
m(Dm7i<^\^mt^m^n^m'r^o myi^i^mt^^ti^x 

tt^s. ^-yiy-fnim. ^it-mm^. ^immrn. S: 

x^^o mBx^^^.x\ ^wmmmi^^ 

^^^i^^mKL^ti^. w^i^<Dmmit^mt:mAvx 

[0 0 6 3] <l»7Ktt^{b(7)*j^> 

tz^ x^xm^t i^xm^Hnrnm^^noo 

[0 0 6 41 M'9#tt^S<0;^fe<h UTt:i. i/^ t'T^ 

:^m\at^m:2 6 5 5 3 3 7 -^(ClE^iZJ^jfe^^tf 5 ^ 
-C^-So w(7>if»r*t5#§H^8-2 9 0 0 8 1^8- 
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2 9 0 0 8 7-^. I5]9- 1 3 8 4 9 3-^4^^®{CiS®$iX 

T V ^ s >^ >- i^/^ J: 6 ^a^ffiM o:fri5fe^ieF^ 

[0 0 6 5] m^Hn^m(D0^L\^^m^Hi^f&\^. 

m7kitM(Dm&^^t^\cx^xmti:<b^-. ii^i 0-1 0 

Oml/m2 , &^L<*il 5 --501111/1112 -^fo 
[0 0 6 6] b. y^y^\y—^m 

7KfbSiJSfiS4:Ilffi*®{CPg«-r 5 r t K^oxmikit^ 

i.xmmmm^^T'r^^^^<Dmyi^itM^^\^^i^mykit 
Mmm^mm^^txnmmLxi>x\^\ mT^im^^^^ 

ft. J[^«32.f:ie:*t:DNA^5/>^^@^U"CyX/USr^Kl 

DNA^5/>^^^«b^-^^c^:ii5bPESUT'bJ:i\ w<o/^ 
;5*-eti|#M5p8-l 2 3 0 0 1^9-160208 

1^9- 1 7 9 2 7 2-§■^«l^c|e®^tlr^/^5l*7K^k 

4^(c^-< P> ntz y Xyv ^ r o y X/w^Jfti^S8S Ji<oi^« 
{bj^J^ «9 f+ttasgtc J: o r iSTk^b^Jfo S I M^i^Tkib^J^ 

[0 0 6 7] c . ^{t: • 

0 0t:{C^o-C. ;0^o3 0 — 1 0 0*C(7)^S®IST-^^ 
-^(? ti:^m<t^mx^^. 4'T-t>»^LV^»#.ffilari5 0- 
10 0° CT*fe^o 

[0 0 6 81 d. m^i^mmm 
[0 0 6 9] e. mmm 

mmm^w^xm»mmi:mm-r^:^mhm\^^^:iti!i^ 

50 [00 70] <m^i\:M>^^m\c^\^^x . ri^TKttj 
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m^i-^<t^m^. m^i&^^it^^. mmmmi\:^i^ 
10 0 7 1] 1 ) mmi&^^it^^ 

[0 0 7 2] W«miil(-:JbNt5^r^tt/«^ttit;55 

[0 0 7 3] ^ Lv ^mmmm.it:^m\'t. m.mw s ~ s 
o(D^ ^^i^'^\^<\-tmm^s--2 0(Dmmmmitii^m 
-efe f9 . »^ Lv^3?s^SJ^^t:7K^^i> i^^^ 6 - 4 o 

2 0Ofl^^^^y;^/U7j?>^^^t/jK^^4~l 2<Dmm 
^^gc6-3 0(D. J:'9»^b<Ji^^^6- 
/Mi. j^^^2-3 0(7>. J:"9$f^L<(ij^^^2~l 

(i. jK3S3S:8-3 oco. J:'9»^U<«g?*l8:8-l 8 

o3S=#i^;^7/U7^<v^zi:.;^7^/i.r'fc5o ^^Uv^Hifl:^i^^ 
/Mi. 8 -3 6(0. J:'9»^L<Jij^^ic8 

- 1 8 0^#i^:i:.-T-/U-Trfe 19 . bV 

/Mi. jK^ISc7-'3 00. J:«9»^U<(ij^Slllc7-'i 

8(7)5?Si^^— 7"/VT-fe5o -^(7)f5;^\ iK^Sfi:7~3 0 
(O. i:'9»^L<tii^^*7-'i 8^D|gaS^^fc5v^ti3? 

[0 0 7 4] Jrf^^Ji: LTIi. 2, 2, 4 - h y ^ f^/U 

n-^=3eih7^;^:/, m-Y =z-t?->^, p<^/w 

^Zf^,y. 2. 2-v^>?«^/^'^=^ri^>'. 2-^^/i^;d-i5^ 
^v/^^'coflgE^S^j^fbTKl^ ; -<>-^>. h/w^>'. ^v- 
u:/. ^y^^J'U^. r>^h^-fe>. :;^^\^>tj: 
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ju=2^/u^ n— ;^-i5^^y^v'/^T/W=i— /K 2-::ri5^^y 
— /K 7 y /uT/u — /^ 1 ffiT/i^ =1 — /i^ : i^i^iy 
^y=i— /u^ v^>^n t:'u:/^y n— /u?fe^*<o^>(ffir/u=i 

— /U ; ^^^v^/UT/U='— /J^x 4 — 1: Kci h/i':!! 
:7 3i^^/ur/^3--/^. 1 --^7 /K 2-:^>^ h — 
:;(7x=i— /^. ^ — /^?^ct<^co^§;KT/u=i— /u ; 
:^>^nvg^. TiS^y/ug^. i^^nh:/®^. :^yu:y 
m. ^^T^ryvK. ;^-W>'e?>ii:'cofliaS]Kiffi;!&/U7jf 
2-^^/u^S#K. 4-p«^/U^S 

^/K RSg-n-P^^/K 7'Dfc':^:/g&P<f^/l-. :7^d fc' 
^Vg^m^/K ffig^^^/K Ti5^ y/^K;^^/K 
g^v^p«^/w. 33Siag!>^7«^/K i^n ^/UT^^iftO 
flgJKiS^;^7"/i- ; ^/^. 2 ^/u^SSBg 

p« ^/ujfe<if co5?#JS;<?/L'^>'K^^'r/^ ; ^ ^ y>^- 
/K 2, 2-v?;^^/^-r ^^:/— /l^. 4-;^^/W>r 

/b. -fvyy— /u. ^^^y-r ^ yy'— /u. v^^D-^ 

:^^^/UT^:x. :7^;^^/UT^ v/^if 

•^i^. ^ h^^i^^^^-^i^. j?< h^'>h/U^i^. 7!>y/^ 
7<^/u^— r/K ::^'rr y/t'^^/u^— -r/UJ^cCifOaL- 
T^/i^^TJ^^^T^ry/UT^ K. ^lyV^ )vr % K. r-fe: h 

ffria<o»^ uv>ffiffl{cs>5:3i^ i^>i5^ y =x-/u^y 

io [0 0 7 5] BiJBM^>^cofiJc5>-c^^r-^^ 

7 »^ y ^'gri/^/K /US?v?:^^^/K XN^:7^>- 

^7 :y ;^ /j: ^(7) pJilSiJ t> b ti. 5 o 
[0 0 7 6] :g^iJ3^e^i:S«-tfr/U'=i-/KO 

■r**5*>»7 5/i5^;^t. ^TKttT-jasicf&ffli.^. 

bV^i&^J-^W^^k^^X^fcSo I7:yi^>^|i. 5 0-20 
40 0' CT*^iaii-StO;d5Jff^b<. ^<0«3J^bT{i. IS 
3|sf7feir(c<tor;^7/u-:h^<r7:yi^x. — r7>>^>^, 

-^^^ OiJ^ y y >'!7:yi57;^. y^7:7^>!7:yi5':^. 
-^^y^^o. ^<—J^^o. m^o^tm^tiX\f^^\f^ 

>> A ir<og^tteg&<o^JSSS/j: ^<o«e:^5>fc 

[0 0 7 7] W-^{g:5^^fb'^i^<0*T*t»^/l-37/U;^-D^t: 

50 ^m^s iSTKibtrgb^WtctTpO-CSftS-g^T-feSo 



-10- 



19 

hi) 'fxJL tVbT ^ ;visrxi Y ]) z^^)VT % 

-yjVT)Vzi^jVfSi ^(D^V y^l^:tumJif5l^T/U:=i—/U, 

10 0 7 81 2) mmmmit^m 

^^{b'&ti^^tf s r. t t>x-^ So 

S{t:^i»-efe . ^ < t:iS'a'S;6^ 1 2 J!^Tc07h/u:«/y tK 
/Ky v^Dari^vf^v'CI:3ei^^^^'g^^e:^fc^} i-2fio 

r/u^^^/^S^t/T/U^ri/u^, j^^l^;^^ 6 ~ 1 8 

5-2 0(Dfli^^ST*fcSo ^fc. mex^w^ems 

{Cfi, ^ (btC/Nn</^j^^, t: Ko=3^ 

[0 0 7 9] T^^l^tC-a^T-^ S*f * LV^^^^^^^t:^ 

{-Pl^^tvS tiOT'{i;^^V\ bv>4^ y ;?^yl^;?^fy v^n 

5 60 r ::3 ^ i^S <h >^ j:^ /l^S ^^-f- 5 T /l- ^ ^ V- in 



(11) 2 0 0 3- 2 8 8 6 4 

D =¥i^:^^k'g*#l^i. S-S-ft^d^ 2-^10 <Di^?^ ^/i^7$^ y 

■^^f)^ 2 ~ 8 cov^y ^/ui/ n ^-y- y y ^yuv/n ^ 
■y- ^^m-^m r*rtL^o^yv-n:3f.-y- i^it-^ii^ os^n 
h y p<^/U'>^>£T*^So ^(^I57J)\ 1, 

ya 1, (3'-T5: y :/n tvu) ^^-^^^/uhy 

i/a^'y->', 1, Z-i^zf^/U-l, 1, 3, 3-'7"h 

3, 3, 5. 5 -^^-y-^f^-zi^ h y iyndf-i^:^, 1, 

1, 3, 3, 5, 5 — 1 , 5-v^i5^nc2 

^yv'a^1^>^. 3- (3, 3, 3 - hv yyi-:tuzfu 

-1. 1. 3, 3. 5, 5. 5-^::f^;^^/U'- 

[0 0 8 0] mc»^i.\^m.mi\:-^mt{^x. v^t?fr^s 

n (tsfe) m) . p«5^/u7ain/i.'>y (mis 
,ar*fi. ^jx.fi^>y =3-::/KF 5 0 (fiSft^x^ 

(^) ^) . y^/UW Kni^^Vv-y =3 — ^-j^-T/l- 

[0 0 8 1] b. :^;v^yiy^ly 
nMtn ^ L I ^ S w i: -e ^ S y 7 

50 JVV^J - t-y^Y^\yiy=7ly. n-^e-^^-ri^/V h y y 

v^y V^i/'iy^V^-^iyy:yf^^(Di^'7i^i\i%'^h^^J 

[00 8 2] c . :7 ^ym^mmm^mi\:.^m 
y ^ym^^^mm^m^mtx^x^'T^^^y^. ^^^y 

y y'/V;^nT/^^/^S (3. 3, 3 - h y :7/U;^n T^d 
tVwSx h y y ^yuS, h y >'yu;^-c2 

3. 3. 4. 4. 5. 5. 6. 6, Q - / -f-y 
^^v'/US) . V]} yj\^:^uTiyu^l^^ (^y:7/^y^cr 
rirh^-jySs 2. 2. 2- h y >^/^:^c2ai 
^) . h y y'/l/J^nrv'/^g ( h y y'/Ur^cT-fe^/U 

S) . h y 7>'p;^-nr/u=^/^;^/w:7;^>'^ ( h y >'/u;^- 
u y ^ :/;^/u>^;i->'S, 3. 3. 3 — h y >'/t':^n:7'n 

[00 8 3] ^W^mt pi ^/U- 3 . 3 . 3 - b 
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h=¥i^hy;?«^/Ui^7V. 3. 3. 4, 4. 5. 5. 
6, 6, 6— y-f:7/U::rn^^v'/^b y ^an'>^>, 

h^i/p<^/U-3. 3. 3- h y ^'/U^Tnyn fcVu 
t^7>'> 3. 3. 3- h y :7/U:e-n:/n fcfyu>>7 V- h 
y ;^ h^i^v-^:/, 3, 3. 4. 4, 5. 5. 6. 6, 
6 — y -t-^'/l^^^-p^^i^/^^'^/^v^^ n n->^:/, 3 — 
hy 7/W;e-nT-feh^v-hyp« h=3ri/>^^>. 1. 3. 
5-hy:^ (3. 3, 3- by :77U;d-n:/citfyu) - 
1. 3. 5- h y y^/Uv-^n h y v-n^i^:/, 1, 
3. 5. 7— rh7^:^ (3. 3. Z-V^)yji^ituzf 
n\f;v) -1, 3, 5, 7 -"r :^ ^Ji^^^ir u^r ^7 
i^u^'^l^^ 1, 1, 3. 5. 5— (3. 3. 3 
- h y >^/U;^-n:/a tVU) -1. 3. 5 - h y 7« h 
yv^n:^-tl->, 1, 1, 3, 5> 7. 7-^^i^ (3. 

3. 3-h]}y/i-:txn:fu}^/l.) -1, 3. 5. 7-T- 
h^p^f^/l^v" h^v^n^^i^l/, ;^^yU-3. 3. 3-h 
y >'yl';^u::/u kVUv^^ Vv^;^— yu, 3. 3. 4. 4. 
5, 5, 6, 6. 6-/':h:7/u^cz-v.^v./p^>^:/ 1. y 

3. 3. 4. 4. 5, 5. 6. 6. 

^ h y h y :7yV;ra;»<^/U'V'7>' 

hy^— /K 3. 3. 3- hy >^/U::^C2:/i3hVU:^h^ 

[0 0 8 4] itf^LV>>fL^ife)}i. ;^^yU-3, 3. 3- 
hy 7/U';d-nyntfyu^;?^nni:/^V, 3. 3. 4. 

4. 5. 5. 6, 6. e — y-r:7/u:t^^^>'/i^h I) i:^ 

uui^^:^, 3^ 3, 3— h y >'yU:^C2:/a t:VU->7> 
-hV ?^ h^i^->^>. 3. 3. 4. 4. 5. 5. 6. 
6 , 6 —y^yjl^:t^^^->/i^^ ^f-fV^y^ n o 
1, 3, 5-by;5^ (3. 3, 3- h y :7/U;d-ci:7"n t" 

/w) -1. 3. 5 - h y n h y i>c2^'y->', 

^^/l— 3. 3. 3- h y :7/U';^-n>^a fcr/l-v^^^'v?;^ 
— /U. 3. 3. 4. 4, 5. 5. 6. 6. ^-/^yjV 
:tt2^^iy/Ui^'7> hV 3, 3. 4. 4. 5> 

5. 6. 6. e—yi-y/i^^u^^i^/u:^^/uiyyiy-:;^ 
y y'/pj^api^/u-iy^^ h y /w, 3, 3, 3- by 

W^^^fk-g^^f^is *|g$tbr*5i9. fcirxf^ftSYfc^ 

[0 0 8 5] i^TKfb^jii. ^m&^^^it^^cD^. mm 
10 0 8 61 my\<>imn. mm^^^w:mtT^ti^\czjL 
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r^y'—h^ 1, 4~>?^^i^>. ^/Uxf^yUAT ^ 
K> TiJ^y n::^hyyW£^*(7)W«^^{cS^XIi$>tfi:L. 

[0 0 8 7] 

:feJE2. Ox 1 0-2paiC7:^5J:9t::4J'EE70%O 

<omm.(om^ui&'ji^\^yimmmmz^^xm'^m./r-f'^ 

— ^/yu-^/uSSStiicoltJiS 1 . 5/6. 5/2-efc 
Ti02SS^(^li:^J^2 0 0 nm ( 2 0 0 0 ;^->'i/>^ 

ntact Angle Meter CA-D (ffifP#®W^ (») ^ffi 

r^. v^-rtL<7)Sp^t>4 8-5 5S(OFBl{;ifcofCo 

[0 0 8 8] »:V^'Tr, f^M^tL6^#DNA^5^>^C0-t 

j^«_b{c«^urfiia, us 1 oj^#f^itffi*aia^a^ 

— Us/i5^URM6 0 0?i^^GH6 0 2 0 1 X (^>v^;*-« 
®i^5t3^g[5 OmW/cm2 1^ ^ 1 0#r«^cO?&t^^ 

Contact Angle Meter CA-D mfu^mm^ im M) ^ 

>b7'-9a<Z)ra»Cfoo^o 
50 [0 0 8 9] w<DS«4rffiV^r. 11 3 ^ffiV^T^iS L^c 
3SB(Cc):or. DNA:y*o-yif^^f 2 2{cdna:7'ci 

z^^x^x^-^^i^^zcy v^mm^m-^y v2Km^. 

Unm^Zi)^h<DWmB^\^X,^XWMl l_bcOir/i^® 
*S13IC. DNA>^n— :/l 0(O?S?Sl 6^P±m^ii:X 
•fe/utr?i^^S-^:rc. DNA^';/:/o^fKctifeorPtffl5fe 
(Dir {C/C i: T D N A y n - ;t T ±15 

D N A >^ n — y (7) {:i 19 f+ ft Sf^ "9 L T^T^<^ o 

fco DNA:/ci-y;6s-fe/u®J^>e)^^fi;^i±isr i:j^^<. 

[0 0 9 0] [^JSM2] ^^iJyy^wL^M'^mmmm. 

V ur^jEo. 0 1 P a (OM^TXm^^ 1 o 

Onm (1 0 0 0;*-Vi/;^ hn — A) (DW-W^M^l. 
tZo m^^^4»6 0 0" CT'2^rH^^{b:^^LT:^^ 

NA^.y'7'fflSt^^f^giLfr.o Contact Angle Meter CA 

-D (w^^m-mnm m) m) ^m\r^x^^7Kmmxm\m 

50 LfcSffi*DiOR^ttti«<75*{C»-r'5g^tt^lfi. l^-fn 
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[0 0 9 1] mmmi tmc^>^ 

[0 0 9 2] imM&^\ 3 ] rf^m(Dm^2 00^^ a 
ttSi) s L a2NbT i20io60{t:i^SffeW:tCffiS-r 

y:/N:3ev'K. h^v^K^'g-tp2 oyooo^^j^y 

-/l-^fS{CgaiLT*®^*D7K:»-<SUfcOt>2 8 0" C 
(dAn^RLT^Jf y-r ^ K>^-</UAXfipft:^®tcC s L a2 
Nb T i 20io(Z)ii:;^^l 0 0 nm (1 0 0 0;^>^>^h 

A) O^^^?f^^^-y:fco nc^DC s L a2Nb T i 2 

^tmm\c\^xDNA^y:/mmm^^^ml.tz. contact 

Angle Meter CA-D (Sfa^®^^ (tt) ®J) ^^V>T 
tl. 5 2^-5 5Sr-feo/Co 

10 0 9 3] rog^^ffiv^T. mmmi tmc^iyi:^ 
[0 0 94] immm 4 ] mmm 1 ^i^^^^^ 

^S»:g^3 2 5 nm{C^Lr^3«9. 
[0 09 5] lf — 3t(7)fiBttM^{4=ttTfS(^al 9 1?$? 

So 

t^— : 2 0 0 mW 

tf^Ai|i^ 5 0. O/xm 

^SiSS : 1.7 m/ sec 

tii:^ : 700mJ/cm2 

^^mm : 7 ;usec 

Contact Angle Meter CA-0 (l&fu^mn^ (t*) SS) ^ 

mm^. 5 2-'5 5ft-Cfco;^o 

[0 0 9 6] rcDS«^S:^v^r. Mmmi tmc^i^^ 
[0 0 9 7] immm^'i mmmsxiiFm:\^fz:7i^^i^ 



2^ 



tZo mmy'V T a - S i 02 

{z-^^ r D >-»j^«i^gi^^^ttfc soo/imxsoo 

n m<Dm^.^y 2 5 0 ju TnT^mi^^^ftm^:^ V > 
20 ^—X\ ^^.^y Kfi 2 Om s e cmM^ZjzoX 4 5 0 

s e c/miciS:^Uybo Contact Angle Meter CA-D (ffi 
fb»aa^^ m) Si) ^fflv^■C^g=t=*fflffiT•SlJ^UfcS 

[0 0 9 8] r(Dg«^^v>T. mmmi tmc-O'i^ 
20 [0 0 9 9] immm e ) mmm i t;ilE«(D:^i£(c J: o 

^^;^f^^«JblC^^|Cj:»9i?^ 2 0 0 nm (2 0 

ox:{z^^x^m.m.^m^<D^n,^^7'^^ 

{l::^^:^»mf+tO;?f7;^S^^AL'ri O^i^fpl-tcoigL 

«f^^^<7)J^S<h Ufco r<;oim;KcD ContactAngle Met 
er CA-D (SfD^®^^ (*) M) ^fflv^T^^7K^®& 
i(> T»J^Lfc7K{c*|-rsS«4:^(:i. 8 8'-9 3gr-foo 

J:orDNA^5/:/^a«^f^SiUfCo £««®OKtt 

^mmmmt^ ±fELfcm^^t>p>-f. 88-93 

[0100] :i(Dm^^m\^^x^ mmmi tmc-{ 
z^y:^y h^^xDNA^yy^mm^<. mmxmmti: 

[0101] [^jis^j 7 ) mmm 1 \zmm(ojjm\cx^ 

40 :&^;?f7^«±»c3g^{Cj;0/f:^ 2 0 0 nm (2 0 00 

tjttf TiE^tc7:ii— y i^^mm^z, 1 oij?rpi^i«.Lyto 
--co?t«^^iibfco y zz,^"^) :y^m^t\^x\t. mm 

ffl3E7KJS69. 2 g/L7K^j«^. S:H^;?7y r>A-:f-h 
y l>i>.3 4 6 g/L^7KS?{t:-f S y !>A1 0 0 g/L(7> 

50 fecomfefbfcj;ormje)btLfCo 
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m(DJWMt LfCo ^(DjWM<D Contact Angle Meter CA 

[0 10 2] ^<Dm^^m\^^x. mm^i tmc^>^ 10 

[0 10 31 

<mmxt^o ^it. s«<^f^sioBetcjs«t-^i6«7K 



it#M 2003-28864 
h :^3^-e D N A r n - ^ H 9 # tt ^ igS ^ 
[113] V-iJ^v^^ry h*-5*C0DN A^ :/ 

[iPf-©-oSi§gi 

3 »Ji»^^ 

4 igib^^ 

10 DNAT'n— :/ 

1 1 DNA5^2/yffiSS 

1 2 m« 
1 3 

1 4 i^7Ktt®«(l^-fe/l^^) 

1 5 ir/U 

1 6 WM 

1 5 * JF^fifei^ao-fe/W 

1 6 * mi«iiimc?:>?0ES 

2 2 DNA>^D — >^K^®^f 

2 3 y^-r 

Ml ^ 
M2 

sh mmm^ 

s X ^il!){t-^ 

s y mmt^ 
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F^—M.m^) 2G042 
4B024 
4B029 



AAOl BD19 CB03 FB05 HA08 
AA11 AA20 CA09 HA12 
AA07 AA23 BB20 CC10 FA12 
GA03 GB04 



-15- 



